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AVIAN INFLUENZA VIRUSES IN COASTAL LOUISIANA W A T ERFOWL  
HOST AND EN V I R O N M E N T A L  FACTORS AFFECTING PREVALENCE
AND VIRAL PERSISTENCE
A BSTRACT
Cloaca 1 and tracheal swabs were collected from 1,389 
h u nter-killed ducks in Cameron Parish, Louisiana during, 
the 1986 and 1987 waterfowl seasons. These included 605 
blue-winged teal (Anas d i s c a r s ) t 7 5 mottled ducks {A. 
f u 1v jg u 1 a ), 37 5 gadwalls (A. strepera) and 334 g r e e n ­
winged teal (A. rrerra}. Twenty-eight avian influenza 
viruses (AIVs) were isolated. Prevalence estimates of AIV 
in ducks during September, November, and December / J a n u a r y  
were 3. IX, 2 . IX, and 0.4%, r e s p e c t i v e l y . Differences in 
prevalence were detected by season (1^.04 4) and age class 
(P=.036). Two isolations from resident mottled ducks 
indicate local transmission of AIV on these wintering 
a r e a s .
Much subtype diversity was present with 9 of 13 HA and 
9 of 9 NA subtypes recovered. Predominant subtypes were 
typical of AIVs commonly associated with w a t e r f o w l .
A plaque assay served as an in i j t ro  test of 
pathogenicity. Results for 18 of 28 AIVs were consistent 
with expected values for viruses of Iow-pat hogen i c i ty in
ch i c ke n s .
Linear regression models for five AIVs dem o n s t r a t e d  
that at an initial titer of 1x 1O6T C I D 50, infectivity would 
persist in distilled w a ter for up to 207 days at 17 C and 
102 days at 28 C. Significant d i fferences in slope were 
detected between temperature treatments and between AIVs.
Combined effects of water temperature, salinity and pH 
on AIV p e rsistence were eva l u a t e d  in a model distilled 
water system using three isolates. V a r iables were tested 
within ranges normally associ a t e d  with surface water. 
Di ffer ences we re detected be tween temperature (17 C and 2 8 
C), pH (6,2, 7.2, 8,2) and salinity (0 ppt and 20 ppt)
treatments with a strong interactive effect observed 
between pH and salinity. The estimated duration of 
infectivity for 1x 106T C I D 50 of A/m o t t l e d  d u e k / LA/38M/67  
(H6N2) under test condit i o n s  ranged from 9 to 100 days. 
Di f ferences in response to these variables were apparent 
between viruses.
The ability of AIV to persist in surface water was 
evaluated using water samples collected from varied 
waterfowl habitats in coastal Louisiana. Results were 
consistent with the mode 1 system.
x i i
CH A PTER 1. INTRODUCTION AND OB J E C T I V E S
1
2
Although type-A influenza viruses represent 
significant pathogens of man and domestic animals, the 
epi d e m i o l o g y  of this diverse group of viruses remains 
unclear. At present, waterfowl (Order: A n s e r i f o r m e s ) are
recognized as an important reservoir for avian influenza 
virus (AIV), and it is believed that this avian group 
represents the original source of all type-A human and 
domestic animal viruses. Isolations of AIV from other 
orders and species of free-living birds have been 
reported, but their role in maintenance, transmission and 
p e rsistence of t. he se viruses remains unde fined. The 
significance of these natural viral reservoirs to public 
and animal health includes the potential for both 
introduction of "new" viruses into previously uninfected 
p o p ula tions and the possibility of genetic exchange 
through recomb ination with established influenza vi ruses 
of humans and domestic animals. The p o ssibility also 
exists that, these viruses either directly of indirectly 
adversely affect the health of wild avian species.
In w a t e r f o w l , AIV prevalence is reported to peak in 
the juvenile age class during late summer and early fall 
a s s o ciated with pre m i g r a t i o n  staging on northern breeding 
areas. Although reports of surveillance for AIV among 
ducks on wintering areas are few, results are consistent, 
with prevalence estimates of 2% or less. These prevalence 
estimates for wintering ducks, however, have not been
3
adequately evaluated in terms of potential variation 
attributable to season, species composition, or the 
migratory status or relative density of the survey 
population. Virus transmission within these wintering  
populations also has not been documented. There is no 
information pertaining to AIV prevalence in Louisiana 
waterfowl, despite the fact that coastal wetl a n d s  in this 
state represent one of the most important waterfowl 
wintering areas in North America.
T ra ns mi ss io n of AIV within waterfowl populations is 
thought to occur through a fecal-oral route via 
cont a m i n a t e d  surface water. R e p lication of AIV occurs 
primarily in the intestinal tract with high concentrations  
of infectious particles shed in feces. Although virus has 
been isolated from unconcent rated surface water, no 
information on persistence of AIV in this medium is 
available. This potential source of variation, as it 
affects prevalence estimates or availability of virus to 
other host spec ies, has not been considered in any 
waterfowl survey to date.
Information relating to AIV prevalence in wintering 
waterfowl, and on persistence of these viruses in 
waterfowl habitats will help provide a basis for- 
evaluating specific risks associated with interspecific 
transmission. This is especially applicable w i t h  regard 
to the direct or indirect introduction of these viruses
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into domestic poultry populations. With decreasing  
waterfowl habitat availability and an increasing consumer 
demand for poultry products (Shane, 1988), AIV related 
conflicts between poultry and waterfowl interests are 
inevitable. Such a situation recently occurred in 
southeaster'll Indiana where a proposed National Wildlife 
Refuge on the Pat oka River was heavily and effectively  
opposed by the local poultry industry (Addison, 1988). It
is only through an u n d erstanding of the natural viral
reservoir that such unproductive conflicts can be averted 
without major impact on either resource.
The o b j e ctives of this study are:
1) To determine prevalence and subtype diversity of
AIV in representative species of m i gratory and
resident ducks in coastal Louisiana;
2) To test for differences in prevalence of AIV in
ducks related to season, age class, and
spec i e s ;
3) To document transmission of AIV among ducks
utilizing these wintering areas;
4) To determine AIV p e r sistence in water and to test
for AIV strain-related variation;
5) To evaluate the effects of water pH, salinity, and
temperatu re on AIV pe rs i s t e n c e , a n d ;
determine AIV persistence in water from 
repres e n t a t i v e  waterfowl habitats in coastal 
Lou isi a n a .
CH APTER 2. L I T E RATURE REVIEW:
THE EPI D E M I O L O G Y  OF AVIAN INFLUENZA 




The 1983-1984 epornitic of highly virulent avian 
influenza in P e n n s ylvania and adjoining states, which was 
associated with an H5N2 avian influenza virus (AIV), 
resulted in destr u c t i o n  of over 17 million domestic fowl 
and cost more than $60 million to eradicate (U S D A , 1985).
During this outbreak, an additional $350 million was paid 
by consumers for poultry and meat products (Lesley et a l . ,
1985). If this disease had spread throughout the eastern 
United States, it was estimated that poultry production 
losses would have exceeded $500 million with a $5.6 
billion increase in the cost of protein foods (Lasley et 
al . , 1985 ) .
Although the source of this virus was never 
ascertained, it is believed that the H5N2 AIV was 
introduced to commercial poultry through direct or 
indirect contact with infected domestic fowl from urban 
live-bird markets (Garnett, 1986). The H5N2 subtype, 
however, was present in free-living ducks prior to its 
appearance in poultry (Hinshaw et al., 1985; Hinshaw, 
1986b). Genetic c h a r a c t e r i z a t i o n  of the highly virulent 
H5N2 chick/Penn/83 virus also suggests that it was not 
derived from other virulent H5 poultry viruses but from 
avirulent viruses maintained in North America (Kawaoka et 
al . , 1986 ) .
8
Since 1983, free-living birds have been suggested as a 
source for two additional introductions of highly virulent 
AIV in poultry. These included an H5N8 AIV w h ich was 
eradicated from poultry in Ireland in 1983 (Murphy, 1986), 
and a highly virulent H7N7 AIV, which was eradicated in 
Au s t r a l i a  during 1985 at a cost exceeding $2 million 
(Cross, 1986).
O ccurrence of AIV within free-living birds is well 
e s t ablished and it is recognized that the se p o p u 1 at i on s 
represent a major influenza virus reservoir (Webster and 
K a w a o k a , 1988). The significance of this viral reservoir
to domestic animal and human health are two fold and 
include both the direct threat of virus introduction into 
previously uninfected species and/or populations (ie. 
poultry), and the potential for genetic recombination with 
already e s tablished animal and human influenza viruses.
The sc:ope of these potential interactions is far reaching 
as type-A influenza viruses are not restricted to avian 
species and infect a diversity of mammalian species 
including man (Hinshaw, 1986a),
H IS TO R I C A L  PERSPECTIVE 
Influenza and public h e a l t h :
Reports of influenza epidemics in man date back to 
H i p p o c r a t e s  in 412 BC (Murphy and Webster, 1985). From 
historical data compiled from 1500 through 1800, Noble
9
(1982) determined that epidemics were reported relatively 
frequently throughout this period, but occurred at 
irregular intervals with s p ontaneous d is sa p e a r a n c e  of 
disease. A historical epidemiological study of influenza 
from 1700 through 1900 by Patterson (1986), recorded 
pandemics during the periods 1729-1730, 1732-1733,
1781-1782, 1830-1831, 1836-1837, and 1889-1901.
The most severe human pandemic to date occurred in 
1918-1919, and is known as "Spanish Influenza", so named 
for the eight million Spaniards that died from this 
disease (Fincher, 1989). Fstimates of wor l d w i d e  mortality 
a ttributable to this particular' pandemic ranged from 20-40 
m i llion (Murphy and Webster, 1985). This included over
550,000 residents of the United States, more than have 
died in any one war to date (Fincher, 1989). It was 
estimated that one fourth of the existing United States 
population, representing 25 million cases, was infected 
during 1918 and 1919. (Crosby et al., 1976).
It was not until 1933 that type-A influenza was 
isolated from humans (Smith et al. 1933), three years 
after the first influenza virus was isolated from swine 
(Shope, 1931). S e r o e p i d e m i o l o g i c a 1 studies and subsequent 
isolations of virus indicated that a diversity of human 
influenza virus subtypes have circulated since 1890, 
including H 2 N 8 , H3N8, H1N1 , H2N2 , and H3N2 (Murphy and 
Webster, 1985). Since 1977, only the H1N1 and H3N2
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subtypes have been present (C D C , 1988a).
Human mortality rates a t t r i b u t a b l e  to influenza have 
shown a steady decrease since the 1918-1919 pandemic. In 
England and Wales during the period 1929 to 1943, 
mortality rates dropped from 73.4 per 100,000 to 33.3 per
100,000 (Deutschman, 1954). Influenza still represents a 
significant cause of human mortality, e s p e cially among the 
elderly. Between 1972 and 1985, six influenza epidemics 
occurred in the United States, and Lui (1978) estimated 
that these were responsible for 200,000 deaths.
A v ian influenza:
The history of avian influenza has been extensively  
reviewed by Easterday (1975), W i lk in so n and Water s o n  
(1975), Ale x a n d e r  (1982; 1986a), and Webster and Kawaoka
(1988). Avian influenza in domestic fowl was first 
described as peste aviare (fowl plague) in Italy in 1878 
(P e r r o n o c i t o , 1Q78) where it remained endemic until 1937
(Petek, 1981). By 1890, fowl plague spread to Germany, 
and was d is t r i b u t e d  throughout that country following 
extensive contact at the 1901 Bru n s w i c k  poultry show 
(Alexander, 1986a). During 1924-1925, an extensive fowl 
plague epornitic occurred in the United States with 
disease reported in poultry from New York (Krohn, 1925; 
B r u n e t t , 1925), Illinois (Broughton and Tunnicliff, 1925),
Indiana (Julien, 1925), Michigan (Johnson, 1925), New
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Jersey (Beaudette, 1925) and Penn s y l v a n i a  (Stubbs, 1925). 
By 1930, outbreaks of fowl plague in domestic poultry had 
been reported in England, Austria, Hungary, Switzerland, 
France, Belgium, Holland, Egypt, China, Japan, Argentina, 
and B r a z i 1 (Todd and Rice, 1930).
During 1901, the discovery that fowl plague was caused 
by a filterable agent was reported independently by 
Centanni and Sevonuzzi (1901), Maggiora and V a 1 inti 
(1901), and Lode and Gruber (1901) (Cited in Wil k i n s o n  and 
Waterson, 1975). A lt h o u g h  this agent was propagated in 
eggs as early as 1934 (Burnett and Ferry, 1934), it was 
not until 1955 that it was shown to be closely related to 
the influenza viruses (Schafer, 1955). This obser v a t i o n  
together with the previous d e m o n st ra ti on  of 
h e m ag gl ut in at io n by influenza viruses (Hirst, 1941), led 
to increased s u r v eillance and isolation of animal 
influenza viruses e s p e cially from avian species 
(Easterday, 1975).
A chrono l o g y  of recovery and identification of avian 
influenza viruses from 1927 to 1970 has been compiled by 
Easterday and Tumova (1972). Significant events include 
the isolation in 1956 of A/duck / E n g  1 a n d /56 (H5N1 ) and 
A /d u c k / C z e c h / 5 6  (H4N6), from domestic ducks. These 
viruses were later shown to he a n t i g e n i c a 11y distinct from 
each other’ and any other influenza viruses (Roberts,
196 1). In 1 959, A /c h i c k e n /S c o t 1 a n d /5 9 (H 5 N 1 ) was
1 2
isolated, which represented a highly virulent pathogen, 
a n t i g e n i c a 11y distinct from the traditional H7N7 fowl 
plague viruses (Pereira et a l ., 1965). A second H5 AIV,
d e s i gnated A / t u r k e y / O n t a r i o / 7732/66 (H5N9), was isolated 
from domestic turkeys during 1966 (Easterday, 1975). 
Additional viruses represent ing the H3, 114, and Hll
subtypes were documented from domestic ducks from 1960 to 
1963 (Easterday, 1975).
During 1961, A /t er n / S o u t h  Africa/61 (H5N3) was 
isolated as a result of an investigation of the cause of 
extensive mortality in common terns {Sterna h i r u n d o ) in 
South Africa (Becker, 1966). This represented the first 
isolation of AIV from free-living birds. Subsequent 
serological evidence of AIV exposure from 21 species of 
free-living birds from 1968 to 1972 suggested that AIV 
circul a t e d  naturally within a broad range of wild avian 
p o p u 1 at i on (Easterday et al., 1968; Asplin, 1970; Laver 
and Webster, 1972; Slepuskin et al.,1972; Winkler et al., 
1972; Zaks t e l s k a y a  et al.,1972). Furthe r support was 
provided following isolation of AIV from wedge-tailed  
shearwaters {Puffinns pac i f icus) in Australia (Downie and 
Laver, 1973), and from approxi m a t e l y  2% of over 2,000 
migratory ducks which were sampled as a component of the 
pr o gram to eradicate velogenic visee rotropic Newcastle  
disease virus in Califo r n i a  during the 1971-1974 epornitic 
(Slemons et al. ,1974). To date, more than 50 reports
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have been published on isolation of AIV from free-living 
avian species (Stallknecht and Shane, 1988).
Isolations of AIV from domestic, exotic and 
free-living avian species are extensive and it is 
currently believed that birds represent the probable 
source of all type-A animal and human influenza viruses 
(Webster and Kawaoka, 1988). Avi a n  influenza, as 
evidenced by numerous recent isolations in domestic: 
poultry, continues to represent an economically 
significant poultry disease (Turner, 1976; Johnson et a l ., 
1977; Hal v o r s o n  et al., 1980; Shortridge, 1982 ; Alexande r , 
1986b; Cross, 1986; Murphy, 1986; Pomeroy, 1986; T u m o v a ,
1986). In addition to the catastrophic economic losses 
associated with epornitics, erosive losses, such as the 
estimated $4 million lost by Minnesota turkey producers in 
1978, also occur (Poss et a l . 1982).
TYPE-A INFLUENZA VIRUSES  
C la ss if i c a t i o n  and nomenclature;
Avian influenza viruses are included among the t y p e -A 
influenza viruses in the family O r t h o m y x o vi ri da e (Murphy 
and Webster, 1986). They are separated from the type-B 
and type-C influenza viruses based on antigenic 
differences between the n u c 1e o protein (NP) and matrix (M) 
protein antigens (Easterday and Beard, 1984). They can 
also be identified by the electrop h o r e t i e  mobility of the
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eight viral RNA segments (Rott and Scholtissek, 1982). 
Viruses are classified to subtype based on the 
antigenicity of the 13 hemagg l u t i n i n  (HA) and 9 
neurami n i d a s e  (N A ) surface g l ycoproteins (Webster and 
Kawaoka, 1988). The system of nomenclature adopted for 
these viruses in 1980 includes host of origin (except 
human), geographic origin, strain number, year of 
isolation, and subtype (WHO, 1980). For example, a type-A 
H5N2 influenza virus designated number 8425 that was 
isolated from chickens in Pennsylvania in 1983 would be 
named A /c hi ck en / P e n n / 8 4 2 5 / 8 3  (H5N2 ) .
Viral morphology and structure:
The virion which is enveloped, pleomorphic, and 
approxi m a t e l y  120 nm in diameter, is charact e r i z e d  by 
nume rous sur face projections corres p o n d  ing to the HA and 
NA surface g l y coproteins (Murphy and Webster, 1985). The 
HA g l y c o protein represents ap p r o x i m a t e l y  25% of the viral 
protein. It functions in the attachment to cell 
sialylol i g o s a c c h a r i d e s  and penetration of the virus into 
the cell by fusion with the endosomal membrane (Murphy and 
Webster, 1985). This protein also represents an important 
receptor for virus neutralizing antibodies although the 
exact mec h a n i s m  of this neutralization is not currently 
understood (Dimmock, 1984). The HA protein occurs as a 
trimer with each molecule consisting of two polypeptide
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chains, HA1 and H A 2 , with mol e c u l a r  weights of 36,000 and 
27,000, respectively (Webster and Kawaoka, 1988). These 
chains are linked by a single disulfide bond w h ich must be 
cleaved prior to viruses becoming infective (Klenk et al . , 
1977 ) .
The function of the NA surface g l y c o protein is not 
currently understood. It is believed that this protein is 
involved in the removal of receptors from virus and cell 
surfaces to facilitate the release of virions from 
infected cells (Webster and Kawaoka, 1988).
The HA and NA are attached by hydrophobic amino acids 
to a lipid envelope that, is derived from the plasma 
membrane of the host cell (Gething et al., 1980). The 
envelope is associated with the M protein that is believed 
to serve a structural f u n d  ion (Rott and Scholtissek,
1982 ) .
The viral genome consist of eight segments of 
negative sense s i n g l e - s t r a n d e d  RNA in a s s o c i a t i o n  with the 
NP and three large proteins including PB1, P B 2 , and PA 
(Murphy and Webster, 1985). The NP represents one of the 
type specific antigens and may function as the backbone of 
the helical complexes associated with the RNA segments and 
viral polymerase (Webster and Kawaoka, 1988). There is 
also e vidence that this protein is involved in viral RNA 
transcr i p t i o n  (van Wyke et al., 1980). The viral proteins 
PB1, P B 2 , and PA function as polymerase for transcr i p t i o n
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of viral RNA (Murphy and Webster, 1985). They are also 
involved in the transport of the n u c l e o c a p s i d  complex from 
the nucleus to the cyt o p l a s m  during viral replication and 
assembly (Scholtissek et a l . , 1976).
The eight genome segments in order of descending 
molecular weight code for P B 1 , P B 2 , PA, HA, NP, N A , 
M-protein, and the nonstructural proteins NS1 and NS2 the 
function of which have not been clearly estab l i s h e d  
(Webster and Kawaoka, 1988). The virion is composed of 
0 , 8 - 1 . IX RNA, 70-75X protein, 20-24X lipid and 5-8% 
c a r b o h y d r a t e (Choppin and Compans, 1975).
HOST RANGE, I N T ERSPECIFIC T R A N S M I S S I O N  AND R E C O M B I N A T I O N
Type-A influenza viruses naturally affect man, swine, 
horses, marine mammals, and a wide d i versity of domestic, 
exotic and free-living birds (Hi n s h a w , 1986a). Despite
the antigenic similarities between viruses infecting these 
diverse host groups, evidence for direct interspecific 
t ra n s m i s s i o n  is limited (Hinshaw and Webster, 1982).
Interspecific transmission between mammals:
Evidence of t r a n s mission between mam m a l i a n  hosts is 
restricted to the H1N1 and H3N2 viruses isolated from man 
and sw i n e . I n f 1uenza in swine was first repo rted during 
the 1918-1919 pandemic, with A / s w i n e / I o w a / l 5/30 (H1N1) 
representing the first isolation from this species (S h o p e ,
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1931). The H1N1 virus has been present in swine ever 
since, with a p p roximately 25% of the United States swine 
p opula t i o n  seropositive (Hinshaw et a l ., 1978b).
During 1976, an a n t i g e n i c a l 1y similar virus,
A/NJ/8/76 (H1N1), was isolated from a recruit, at Fort Dix,
New Jersey (Kendal et al., 1977). Although antigenic: 
c o mparisons of this virus with H1N1 swine strains 
indicated a close relationship, polya c r y l a m i d e  gel 
e l e c t r o p h o r e s i s  revealed distint RNA migration patterns 
(Hinshaw et a l , 1978b).
On two Wis c o n s i n  farms during 1986, antigenic and 
g e netically identical H1N1 viruses were isolated from 
clinically ill swine and humans (Hinshaw, 1986a). An H1N1 
influenza virus of suspected swine origin was isolated in 
1988 from a fatal case in Wis c o n s i n  (C D C , 1988b).
Antigenic analysis using monoclonal antibodies to the HA, 
demo n s t r a t e d  that this virus was closly related to viruses 
that were c i r culating in swine during the summer of 1988. 
The virus was unreactive in h e m a g g l u t i n a t i o n  inhibition 
tests using antisera to currently prevalent human H1N1 
viruses (CDC, 1988b).
The H3N2 swine viruses are a n t i g e n i c a l 1y identical to 
human strains (Hinshaw and Webster, 1982). The prototypic 
human strain A/Hong K o n g / 1/68 has been isolated from swine 
(Shortridge et al., 1977) and evidence by Kundin (1970) 
and Hinshaw et al. (1978b) suggest that subsequent
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variants of the human H3N2 viruses have been transmitted 
to s w i n e ,
Two type-A influenza virus subtypeB have been 
isolated from horses including A / e q u i n e / P r a g u e / 1/56 (H7N7) 
(Sovinova et a l ., 1958), and A / e q u i n e / M i a m i /1/ 6 3 (H3N8)
(Wadell et al., 196 3), These viruses are restricted to 
equines (Hinshaw and Webster, 1982) but experimental 
infections have been dem o n s t r a t e d  in humans (Couch et al., 
1 969 ).
Interspecific transmission between mammals and birds:
Under experimental conditions, AIVs can replicate in 
a wide variety of mamma Is includi ng ferret.3 ( Mus tela 
p u t o r i s ), mink ( M, vison) , hamsters ( M e s o c r i c e t u s  
a u r a t u s ) , mice (Mus ausculus) and swine. The majority of 
these viruses replicate poorly and are generally confined 
to the respiratory tract (Hinshaw and Webster, 1982; Bean 
et al., 1985; Sinnecker et al., 1986). Influenza viruses 
of suspected avian origin have been associated with two 
disease outbreaks in harbor seals (Phoea vitulina)
(Hinshaw, 1986a). The first virus, A / s e a l / M a s s / 1 /80 
(H7N7), was a n t i g e n i c a 11y related to A /F P V / D u t c h /27 
(H7N7), but replicated very poorly in avian species. The 
virus could be propagated in ferrets, cats and swine, and 
was responsible for conjun c t i v i t i s  in humans (Webster et
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al. , 1981 ) .
A second seal influenza virus, A / s e a l / M a s s / 1 3 2 /82 
(H4N5), was isolated in 1982. This agent was genetically 
and an t i g e n i c a l l y  closely related to recent avian strains 
(as shown through RNA:RNA h y b ridization and testing with 
monoclonal antibodies), and was capable of replicating in 
the intestinal tract of experi m e n t a l l y  infected ducks 
(Hinshaw et al., 1984). Influenza viruses suspected to be 
of avian origin have also been isolated from several 
u niden tified species of whales (family: B a 1a e n o p t e r i d a e )
and from mink (Hinshaw, 1986a).
T r a n s m i s s i o n  of influenza viruses between avian and 
mam m a l i a n  hosts include only one report involving direct 
transmission from birds to humans. In this single case of 
human infection with fowl plague virus the patient did not 
d e v elop ant i bod i e s (C a m b e 11 et al., 1970). The potent i a 1 
for t r a n s mission was demonstrated during the 1983-198 4 AIV 
epornitic in Pennsylvania, in w h ich the H5N2 AIV was 
isolated from exposed humans. Neither seroconversion or 
any clinical indication of infection was noted (Bean et 
al . , 1985 ) .
Although evidence of transmission from birds to man 
is minimal, specific links for an avian-domestic:/wild 
m a m m a l - h u m a n  transmission route have been demonstrated. 
This potential, recently led Scholtissek and Naylor (1988) 
to suggest that an increased risk of human infection will
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result from intensive agricultural systems integrating 
duck and swine p r o d uction with aquaculture.
Interspecific transmission between avian species:
Interspecific avian to avian t r a n smission in nature 
has not been documented (Hinshaw and Webster, 1982), but 
the circulation of a n t i g e n i c a l 1y similar viruses among 
various species of wild ducks in Ca n a d a  suggests that this 
commonly occurs (Hinshaw et al., 1980). The potential for 
interspecific transmission between birds has been 
demonstrated experi m e n t a l l y  through infection of domestic 
and pen-reared mallards (Anas piatyrhynchos)  with viruses 
isolated from various species of free-living ducks 
(Webster et al., 1976).
Experimental studies involving broader taxonomic 
groups have reported s p e c i e s - r e 1ated d i fferences in 
susceptibility to specific AIV strains (Slemons and 
Easterday, 1972; Homme and Easterday, 1969; Wood et al., 
1985; Alexander et al., 1978; 1986b; Kawaoka et al.,
1988). Circumst ant ial evidence that host-range restriction 
occurs under natural conditions is evident by the fact 
that H13 AIV strains are restricted to gulls, terns and 
shorebirds (Kawaoka et. al., 1988). The only other hosts 
from which H 1 3 viruses (H13N2 and H13N9) have been 
recovered are whales (Hinshaw, 1986a).
A l t h o u g h  i n t e r s p e c i f i c  t r a n s m i s s i o n  of A I V s  b e t w e e n
21
free-living and domestic birds is of immediate c o n cern to 
commercial poultry producers, there is no direct evidence  
that this occurs. The strongest circu m s t a n t i a l  evidence 
comes from sentinel bird studies. Sinnecker et a l .
(1982), using sentinel domestic ducks on an island in the 
Baltic Sea where gulls, terns, and ducks were nesting, 
isolated 25 AIVs, representing three subtypes,. Virus 
isolations also were reported from sentinel mallard ducks 
on ponds that were proximal to domestic turkey flocks and 
frequented by free-living ducks (Halvorson et a l ., 1983;
1985). These viruses we re repre sentati ve of subt ype s 
ci rcul ating in both domestic turkeys and wild ducks.
In Israel, viruses antigenically similar to 
A / t u r k e y / R a m o n , Israel/1979 (H7N2) were isolated from 
starlings (Sturnus vulgaris) and wild mallard ducks 
associ a t e d  with infected turkey flocks (Lipkind et a l ., 
1979b; 1981). Similar results are reported from A u s t r a l i a
where an H7N7 AIV was isolated from a common starling in 
contact w i t h  infected chickens (Cross, 1986).
Experimental studies verified that this virus could 
replicate in starlings (Nestorowicz et al., 1987).
T r a n s m i s s i o n  of AIVs among domestic avian species is 
common, e s p e c i a l l y  among Galliformes. This was 
d e m o n s t r a t e d  in 1983-1984 when the H5N2 virus was isolated 
from d omestic and pen-reared chickens, turkeys, guinea 
fowl (Numida me 1e a g r i d i s ), pheasants (Phasianus
colchicus), and chukar partridge {AJectoris graeca) 
(Nettles et al , 1985). Numerous experimental infections 
also indicate that although variations in response exist, 
most AIV strains from domestic fowl can infect a broad 
range of domestic Gall i f o r m e s  (Homme and Easterday, 1963; 
Slemons and Easterday, 1972; Wood et a l ., 1985; Alexander
et al., 1986b).
Antigenic evidence for interspecific transmission:
Antigenic similarities between the HA and NA subtypes 
of influenza viruses isolated from man, swine, horses, and 
avian species, strongly suggest the occurrence of 
interspecific transmission (Hinshaw and Webster, 1982). 
Antigenic relatedness is apparent between viruses 
including: the HI human, swine, and avian strains; the H2
human and avian strains; the H3 human, swine, equine, and 
avian strains; and the H7 equine and avian strains 
(Webster and Laver, 1975). In addition, antigenic 
s imila rities between viruses isolated from these diverse 
groups are apparent in the Nl, N 2 , N7, and N8 strains 
(SchiId et a l . , 1 980 ) .
Genetic relatedness is also apparent between the HAs 
of viruses isolated from man, swine and avian species 
(H inshaw and Webster, 1982). Sequences of up to 350 
n u c l e o t i d e s  from the 3' end of the HA gene for 32 type-A 
influenza viruses revealed extensive amino acid sequence
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variation between the HA subtypes (Webster, et al., 1982). 
The greatest difference was observed between the HI and H3 
subtypes with approxi m a t e l y  30% homology. The H2 and H5 
subtypes were most similar with 80% homology. Less than 
10% differences were noted within a given subtype. The 
HAs of human viruses of the HI subtype were more similar 
to the HI AIVs than to H2 and H3 human strains. This 
suggests a common ancestry for the HI gene, w h ich would 
indicate interspecific transmission and possible genetic 
reassortment (Webster et al., 1982). Genetic similarity 
is also present in the NA gene, with a base homology of 
74-85% reported between avian and human N1 strains (Blok 
and Air, 1982).
Ho s t / v i r u s  restrictions:
Although interspecific t r a n s mission of influenza 
viruses can occur, there is evidence for specific 
host/virus adaptations that may reduce this possibility. 
Host a daptation and genetic divergence have been shown 
between avian and mam m a l i a n  influenza viruses.
Host a d a p t a t i o n  has been d e m o n s t r a t e d  by sequencing 
RNA segment seven (H-protein) which revealed 10 sites 
which were specific for avian or human strains 
(Buckler-White, 1986). Re c o m b i n a t i o n  studies have also 
de m o n s t r a t e d  host specificity for individual viral genes. 
The NP or M-p r o t e i n  gene from A / m a l l a r d / N e w  York/6750/78
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restricted normal replication of A / U d o r n / 307/72 (a human 
virus) in squirrel monkeys (Saimiri sciureas). Other 
s tudies deali ng with av i a n / m a m m a 1 ian i n f1uenza virus 
recombinants have reported Bimilar results (Murphy et a l ., 
1984; S c holtissek et a l ,, 1985; Tian et a l ., 1985).
A c o rrelation has been repo rted be tween the NP and 
host range based on RNA:RNA hy b r i d i z a t i o n  of gene segment 
5 (N P ) (Bean, 1984). In this case, H13 gull, equine, 
avian, and h u man/swine influenza viruses could be grouped 
based on homology of the N P .
Selective pressure for host a d a p tation may result from 
specific host cell interactions with viral proteins or 
through interactions with receptors. Analysis of 
phosp h o p e p t i d e  fingerprints of dif f e r e n t  host 
c e 1 1 / i n f 1uenza virus combinations d e m o n s t r a t e d  that 
p h o s p h o r y l a t i o n  patterns existed in the NP which are 
specific to virus strain and are dependent on the host 
cell. Virus yields were lowest in the c o m b inations 
resulting in o v e r p h o s p h o r y l a t i o n  of the NP (Scholtissek et 
al . , 1985 >.
Differences in specificity for sialic acid receptors 
also have been identified among avian, equine, and human 
influenza viruses. H o st-mediated selection of AIVs for 
specific mam m a l i a n  receptors was d e m o n strated in these 
studies (Rogers and Paulson, 1983; Rogers et a l ., 1985).
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Genetic recombination:
Interspecific transmission of type-A influenza viruses 
not only represents a potential for introduction of 
viruses into "new" host systems, but through r e combination  
of viral RNA segments, provides an opportunity for genetic 
exchange between viruses (Hinshaw and Webster, 1982). 
Recombination has been demo n s t r a t e d  in both in vivo and in 
vitro experiments when two or more influenza viruses 
infect a given cell (Webster and Kawaoka, 1988). Hinshaw 
(1982) also provided evidence that r e c ombination occurs in 
nature.
Studies have shown that the eight gene segments of 
influenza viruses assort independently (Murphy and 
Webster, 1985). A dual infection with two viruses which 
are genetically distinct at each gene could theoretically 
result in progeny representing 256 genetic strains.
This genetic diversity is rarely achieved as many of 
these recombinants would prove defective. Furthermore, in 
the case of low genetic relatedness between coinfecting 
viruses, independent segregation of the gene segments may 
not occur (Rott and Scholtissek, 1982). S c holtissek et 
al . (1976 ) experimentally showed that if two virus strains
exhibit low base homology at either segment 8 (N S ) or 7
(M-protein), these segments will prefer e n t i a l l y  segregate 
with their corresponding P3 and HA segments, respectively.
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The first evidence that r e c ombination can occur during 
dual infections with influenza viruses was reported by 
Burnett {1949) using human influenza viruses propag a t e d  in 
e m bryonated chicken eggs. Phenotypic exchange in HA 
serotype and n e u r o t r o p i s m  in mice were observed. Similar 
results, using a variety of phenotypic markers, have been 
reported {Baron and Jenson, 1955; Kilbourne and Murphy, 
1960; Easterday, 1969).
Prior to 1971, r e combination had not been d e m o n strated  
in vivo {Kilbourne, 1970); however in that year W e bster et 
a l . (1971) reported experimental r e combination between
A / s w i n e / W i s c o n s i n / 1/ 6 7 (H1N1) and A/fowl pi a g u e / D u t c h / 27
(H7N7) in swine. Although fowl plague virus does not 
yield infectious particles following inoculation into 
swine, an antigenic hybrid H7N1 was recovered (Webster et 
al . , 1971). In a second experiment, domestic turkeys
were infected with the fowl plague virus and
A / t u r k e y / M a s s / 3 7 4 0 / 6 5  (H6N2) and both the H7N2 and H6N7 
hybrids were recovered (Webster et a l , 1971). Both turkey
virus hybrids were genetically stable and were capable of 
infecting chickens (Webster and Laver, 1975).
Re combination has also been experi m e n t a l l y  shown in 
ducks. Specific pathogen free ducks simultaneously 
infected with H1N1 and H7N3 AIVs under experimental  
conditions yielded a recomb inant H7N1 virus (Hi nshaw e t
al , , 1 980). Other viruses isolated from these birds were
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a n t i g e n i c a l 1y Identical to parental subtypes but possessed 
distinct gene constellations.
The first evidence of gene tic reassortment i n natu re 
was reported by Des se1be rge r et al. (1978). Using 
o l i g o n u c l e o t i d e  mapping of two duck isolates,
A / d u c k / F r a n c e / M a *12/76 ( H 6N 2 ) and A/duck / F r a n c e / M b 42/70 
(H6N4), d i f f e r e n c e s  were d e m o n s t r a t e d  in all genes except 
those coding for the HA and M-protein. This suggested 
that two viruses were related by a recombination event. A 
third duck virus isolated in this study demo n s t r a t e d  
multiple e l e c t r o p h o r e t i c  bands. Six plaque isolates from 
this virus showed different RNA mi g r a t i o n  patterns and 
two (H7 and H6) HA subtypes. These results indicated a 
dual infection and resulting recombinants (D e s s elberger et 
a l . , 1978 ) .
Natural re c o m b i n a t i o n  is also reported from human 
influenza viruses. O l i g o n u c l e o t i d e  analysis of RNA from 
1978-1979 human H1N1 viruses, d e m o n s t r a t e d  that only the 
HA, N A , M-protein, and NS genes were conserved from the 
prototype A/Cal / 1 0 / 7 8  (H1N1) strain (Young and Palese, 
1978). It was suggested that the PI, P 2 , PA, and NP genes 
origin a t e d  from c i r c u l a t i n g  H3N2 viruses.
In ducks, antigenic analysis of field isolates suggest 
that reassortment occurs e x t e n s i v e l y  in nature (H inshaw et 
al., 1979a). This is supported by genet i c studi e s using 
R N A :RNA h y b r i d i z a t i o n  of H3N2 viruses isolated from the
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same duck p o p u l a t i o n  (Sriram et a l . , 1980). Differences
in all gene segments except those coding for the M and NS 
p r o t e i n s  were evident, and more var i a t i o n  was present in 
these duck viruses than in human H3N2 strains isolated 9 
years apart. Using polya c r y l a m i d e  gel e l e c t r o p h o r e s i s  
Hi n shaw et al. (1980) d e m o n s t r a t e d  that 7% of AIV infected 
ducks in Canada harbored two are more viruses.
Direct evidence for recombinant exchange between avian 
and m a m m a l i a n  influenza vi ruses is lacking, but 
reassor t m e n t s  have been d e m o n s t r a t e d  e x p e r i m e n t a l l y  (Naeve 
et al . , 1983 ). As mam m a l i a n  ''irusea can replicate in
birds and vice versa (Webster et a l ., 1978), a possibility
for genetic exchange exists. This appears to be a rare 
event under natural conditions and, as such, is unlikely 
to be detected (Hinshaw and Webster, 1982).
AIV IN F R E E - L I V I N G  AVIAN SPECIES
Free-living birds represent the most extensive 
reservoir of influenza virus d i s c o v e r e d  to date (Hinshaw, 
1986a). A l t h o u g h  this reservoir may represent the 
original source of all human and animal influenza viruses 
and provide a genetic pool for potential recombinant 
events (Webster and Kawaoka, 1988), the epi zoot iology of 
AIV in these diverse avian popul a t i o n s  is not c u rrently  
u n d e r s t o o d .
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AIV isolations reported from free-living birds:
Isolations of AIV fron free-living birds are reported 
from at least 12 orders and 92 species (Table 2.1). These 
isolations include almost all combinations of the 13 
hemagglutinin and 9 n e uraminidase subtypes (Hinshaw et 
al,, 1979a), and indicate a world-wide d i s t r i b u t i o n  of 
Al V .
Most of these isolations are reported from 
Ans e r i f o r m e s  (ducks, geese and swans) and it is widely 
recognized that this group represents an important AIV 
reservoir (Webster and Kawaoka, 1988). As of 1983, over 
4,200 AIVs had been isolated from mig r a t o r y  waterfowl 
(Easterday and B e a r d , 1984).
Other avian orders, associated with aquatic habitats, 
from which AIV has been isolated include: G a v iiformes
(loons), Pod i c e p e d i f o r m e s  (grebes), P r o c e 11ariiformes 
(s h e a r w a t e r s ) , Pelecaniformes (c o r m o r a n t s ), Ciconii formes 
(ibises and herons ) , Gru i f ormes (coots and m o o r h e n s ) and 
C h a r a d r iiformes (gulls, terns, and shorebirds). Virus 
isolation has also been reported from avian orders 
commonly associ a t e d  with terrestrial and arboreal 
habitats: G a l l i f o r m e s  (pheasants, quails, and partridges), 
C olumb i f o r m e s  (doves), Pic i formes (woodpeckers) and 
Passeriformes (perching birds).
Isolations of AIV from free-living birds indicate a 
broad host range (Table 2.1). Additional data derived
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from imported or captive birds and pen-reared Gall i f o r m e s  
indicate a wider involvement of species than is apparent 
from isolations from free-living birds alone.
Isolations of AIV have been reported from p a rakeets  
(Psittacula spp. ), s u 1phur-cr e a s t e d  cockatoos (Cacatua 
sulphurca) (Alexander et a l ., 1974), A f r i c a n  grey parrots
(Psittacus erithacus) (McFerran et a l . , 1974 ), mynah birds
(Gracula r e l i g i o s a ) , banded parakeets (Psittacus 
aiexanc/ria) (Fukumi et al . , 1977; Nerome et al . , 1978 ),
c h achalacas (Ortalis spp.) and crested quans (Penelope  
purporascens) (Alexander 1986c). Slemons et a l . (1973a;
1973b) reported ATV from more than 12 imported species 
from the orders Psi ttac i f o r m e s , Corac i i formes (bee-eaters, 
hornbills, hoopoes), and Passeri formes. Stunzer et. al . 
(1980) reported isolation of AIV from six imported species 
i n A u s t r i a .
Pen-raised G a lliformes from which AIV has been 
isolated include chukar partridge (Nettles et al 1985) anti 
coturnix quail (Coturnix cot urnix) (V a l l n e r - P e n d l e t o n  et 
al . , 1986 ). Serologic evidence of exposure to AIV has
also been documented for at least 10 free-living species 
from which isolations have not been reported (Table 2.2). 
These studies demonstrate that knowledge pertai n i n g  t o  
natural host range is incomplete and restricted by the 
limited scope of surveillance.
Most isolations are reported from species in the order
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Anser i f ormes and Charad r i i f o rmes (Table 2.1) and it is 
obvious that these groups represent major reservoirs of 
AIV. This does not, however preclude involvement of other 
taxonomic groups or species in the natural circu l a t i o n  and 
m a i n t e n a n c e  of AIV. Results presented in Table 2.1 should 
be interpreted with caution, as those species from which 
AIV has been reported represent only a small proport ion of 
more than 8,600 recognized avian species (Clements, 1978). 
Anseri formes and C h a r a d r i i f o r m e s  alone comprise 149 and 
347 species, respectively,
AIV isolation procedures:
All isolations reported in Table 2.1 were made in 
e m b r y o n a t e d  c h icken eggs. Although AIVs can be propagated 
in tissue culture systems utilizing p r imary cultures of 
c h i cke n embryo fibroblasts or M a d i n - D a r b y  Canine Kidney 
(MDCK ) cells, the embryonated chicken egg is the system of 
choice for propagation (Webster and Kawaoka, 1988).
Virus isolation procedures are outlined by Beard 
(1980), Easterday and Beard (1984) and W e b ster and Kawaoka 
(1988). In general, tracheal and cloacal samples are 
collected using dacron swabs. These are placed in a 
sterile transport media containing either 50% glycerol 
p h o s p h a t e - b u f f e r e d  saline, brain heart infusion broth, or 
tissue culture media supplemented with 1% bovine serum 
albumin. Antibiotics must be added and usually include
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p e n i c i l l i n  (1,000-10,000 units/ml), s t r e p tomycin  
(200-2,000 ug/ml) and gentan i c i n  (250-1,000 ug/ml ) . These 
can be sup p l e m e n t e d  with Pol y m y x i n  B (100 units/ml), 
kanamycin sulfate (650 ug/ml) and a n a d a m p h o t e r i c i n  B (20 
ug/ml) (Pearson and S e n n e , 1986; Webster and Kawaoka,
1988 ) .
Samples can be kept at 0 C for transport times not 
exceed i ng 24 hr. In the 1a b o r a t o r y , the y s h o u 1d be stored 
at -70 C if not immediately tested (Webster and Kawaoka,
1 988 ) .
The standard virus isolation technique for AIV from 
birds, as outlined by Beard (1980), includes inoculation 
of 9- to 11-day specific pa t h o g e n - f r e e  e m b r y o n a t e d  chicken 
eggs using the allantoic route. Eggs are incubated at 37 
C for 48-96 hr at which time a m n i o - a llantoic fluid is 
harvested. H e m a g g l u t i n a t i o n  of chicken e r y t h rocytes in 
embryonic fluids is suggestive of AIV. It is necessary to 
c o n f i r m  the presence of type A specific antigens (NP or 
m a t r i x -protein antigens) using agar gel dif f u s i o n  (AGD ) or 
c omple m e n t  fixation (CF). Subtypes are then identified 
through h e m a g g l u t i n a t i o n  inhibition (HI) and n e u raminidase  
inhibition (NI) teats.
Ant ibodies to AIV in f ree-1 iving b i r d s :
A n t i b o d i e s  to AIV have been dem o n s t r a t e d  from a wide
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variety of free-living birds (Table 2.2). Serologic 
surveillance of free-living avian popul a t i o n s  has used HI, 
NI and virus neutr a l i z a t i o n  procedures in eggs against a 
battery of antigens of known subtype.
T y p e-specific serologic tests have not been applied 
routinely for s e r o s urveillance of free-living birds. 
Complement fixation is generally u n s a t i s f a c t o r y  for avian 
serum (Easterday and Beard, 1984). Antibodies to the NP 
as measured by AGD are often not detected in 
e xperi mentally infected ducks (Slemons and Easterday, 
1972). Failure to detect antibo d i e s  by HI procedure and 
erratic serologic results have been reported for 
experimentally infected ducks (Homme and Easterday, 1970; 
Slemons and Easterday, 1972; Bahl and Pomeroy, 1977).
M OR B I D I T Y  A N D  MOR T A L I T Y  A S S O C I A T E D  WITH AIV INFECTION 
Free-living birds:
Except for cases reported by Becker (1966), Lipkind 
(1979a, 1979b) and Slemons and Easterday (1975),
isolations recorded in Table 2.1 were derived from 
clinic a l l y  unaffected birds. I d e n t ification of 
A / t e r n / S o u t h  Africa/1966 (H5N3) from each of three common 
terns (Becker, 1966} resulted from investigation into the 
cause of death of over 1300 birds (R o w a n , 1962).
Subsequent experiments confirmed the p a t h o g e n i c i t y  of this 
virus in common terns (Becker, 1967).
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Lipkind (1979a) reported isolation of an H7N2 AIV from 
1 of 4 2 dead common starlings and 12 of 15 dead mallard 
ducks in Israel. In this case, the birds were detected in 
a s s ociation with infected p o ultry flocks and pa t h o g e n i c i t y  
of this virus in starlings and mallards was never 
conf i r m e d .
Isolations of AIV from a w h i t e - fronted goose (A n s e r  
albifrons), mallards, redhead { Aythya americana) and r i n g ­
necked {A. collaris) ducks and A m e r i c a n  coots ( Fulica 
atra) were reported following routine investigations of 
waterfowl mor t a l i t y  in the United States (Slemons and 
Easterday, 1975). In all of these cases, AIV infection 
was regarded as incidental and not as the cause of death.
It is difficult to ascribe either morbidity or 
mortality to AIV infection in wild ducks. Disease 
associated with AIV infection, has been observed in 
domestic ducks. Mortality has been reported in 
experi m e n t a l l y  infected domestic K h a k i - C h a m b e 11 d u c klings  
(Alexander et a l ,, 1978). In other experimental
infections of domestic ducks, clinical disease was not 
apparent (Roberts, 1964; Al e x a n d e r  et a l ., 1981).
Hwang et a l . (1970) isolated AIV from a naturally
infected flock of Muscovy ducks (Cairina moschata) which 
showed 1 OX mortal i t. y and gross lesions incl ud ing catarrhal 
tracheitis and a i r s a c c u l i t i s . During an outbreak of 
sinusitis in a flock of commercial ducks, both AIV and
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Mycopl&sma. spp were isolated but the clinical condition 
could not be reproduced following experimental infection 
with either agent (Roberts, 1964). Respiratory distress 
and tracheitis were observed in commercial ducks from 
which AIV and New c a s t l e  disease virus were isolated but 
the clinical signs could not be reproduced by experimental 
infections (Alexander et a l ., 1981).
Senne et a l , (1983) isolated two pathogenic AIV
strains (H3N8 and H4N8) from mixed species of psittacines 
and passerines imported into the United States.
P o s t mortem lesions in these birds included hemorrhagic 
tracheitis, pneumonia, and a i r s a c c u l i t i a .
AIV is c apable of causing high mo rtali t y among 
free-living birds as evidenced by d o c u mented mortality in 
common terns (Becker, 1966). Although additional reports 
of m o r tality have not been documented, the possibility 
that AIV causes morbidity arid/or indirect mortality in 
populations of wild birds cannot be totally discounted.
In a recent study by Cooley et al. (1989), mallards 
which were experimentally infected with five H5 viruses 
(A/Ty/Ont/7732/66 (H5N9), A / tern/South Africa/61 (H 5 N 3 ) , 
A / c h i c k / P e n n / 1 370/84 (H5N2), A / c h i c k / P e n n / 2 1 5 2 5 / 8 4 (H5N2)
and A/ du c k / W i s c / 9 9 4 / 8 2  (H5N2)] dem o n s t r a t e d  no clinical 
signs of infection. Some reduction in activity and food 
intake, however, was observed, and histopathological 
investigations revealed a consistent pattern of mild
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pneumonic changes characterized by infiltrates of 
lymphocytes and macrophages.
Vir u l e n c e  of AIV in domestic poultry;
Although there are few reports of morbidity and 
mo r tality in wild birds infer ted with AIV, mo rtal i t.y rates 
in infected chickens and turkeys can range from OX to 10 0% 
under field or experimental conditions (Easterday and 
Beard, 1984). As avian influenza is of economic 
significance to poultry producers and is of concern to 
i nternat. i ona 1 t rade , muc h work has gone into the 
c h a r a c t e r i z a t i o n  of these viruses with regard to virulence 
in domes!ic f o w l .
Recent studies have demo n s t r a t e d  a mol e c u l a r  and 
genetic basis for virulence. Although studies using 
recombi n a t i o n  have demonstrated that substitution of any 
gene can alter virulence {Scholtissek et a l ., 1977), the
HA is of fundamental importance (Webster and Rott, 1987). 
Virulence is directly dependent on proteolytic cleavage of 
HA into the HA1 and HA2 chains (Klenk et al., 1977). 
Without this cleavage by host c e l ] protease, viruses are 
non i n f ec t i v e .
Highly virulent AIVs are restricted to the H5 and H7 
subtypes (Alexander, 1986b; Webster and Rott, 1987). 
Avirulent H5 and H7 viruses, however, have been reported 
(Beard and Easterday, 1 973; McFerran et. al . , 1 974). Brugh
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(1986) recently suggested that highly virulent AIVs may 
also exist within other subtypes (H4).
Virulent AIVs are c h a r a c t e r i z e d  by a series of basic 
amino acid pairs in the connecting peptide between the HA1 
and HA2 (Webster and R o t t , 1987). Sequence variation in
this c onnecting peptide does occur between virulent 
strains (Kawaoka and Webster, 1988). Cleavage of the HA 
in these viruses can result from reaction with a wide 
range of cellular proteases and infectious virus can be 
produced in a diversity of cell types.
Avirulent viruses usually contain a single arginine in 
the connecting pe pt i de of t he C terminus of the H A 1 
(Webster and Rott, 1987). Cleavage of HAs from these 
viruses is restricted to trypsin-like protease (Bosch et 
al . , 1979 ), and replication in birds is restricted to the
respiratory and intestinal tracts.
The genetic basis of virulence was demo n s t r a t e d  during 
the 1983 Penn s y l v a n i a  epornitic where a highly virulent 
strain of H5N2 emerged approxi m a t e l y  5 months after 
detection of avirulent virus in chickens (E'ckroade and 
S i 1v e r m a n - B a c h i n , 1986). In this case, the original low
virulent H5N2 did have the appropriate basic amino acid 
pairs in the connecting HA1/HA2 peptide associated with 
virulence (Webster and Rott, 1987). This characteristic  
was not expressed until a single point muta t i o n  occurred 
at. residue 13 on the HA1 resulting iri the lose of a single
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car b o h y d r a t e  sidechain (Kawaoka et al , 1984). How this
sidechain affected cleavage by a nontry p s i n  protease is 
not understood.
C leavage of the HA may also be influenced by 
e x t r a c e l l u l a r  events. Recent studies have demonstrated  
that cleavage of the HA in humans can occur from 
p r oteolytic enzymes associated with normal nasal 
secretions (Barbey-Morel et al., 1987). It can also occur 
through the action of bacterial protease such as that 
produced by S t a p h y l a c c u s  aureus (Tashiro et al., 1987). 
Newman et al. (1981) suggested that mode rate mo r t a 1 i ty in 
poultry can occur with avirulent AIVs if e x acerbated  
through concomitant infection or adverse e n v i r o n m e n t a 1 
cond i t i o n s .
C h a r a c t e r i z a t i o n  of virulence:
Criteria used to characterize virulence have been 
reviewed by Ale x a n d e r  (1986b). In vitro methods include: 
plaque formation or cyt.opathic effect in chick embryo  
fibroblasts or HOCK cells; det e c t i o n  of cleaved HA using 
sodium d o d e c y 1s u 1fate p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  
(SDS-PAGE), radioisotope labeling, or g l y c o p r o t e i n  
staining; nucleo t i d e  and amino acid sequencing; and 
serologic identification of H5 and H7 subtypes.
In vivo methods include chick embryo lethality and the 
laboratory infection of birds. Assessment, in six -week old
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chickens has been described in detail by Allen et a l .
C19 78 > and include the intravenous pa t h o g e n i c i t y  index 
(IVPI) and the intracerebral p a t h o g e n i c i t y  index (I C P I ).
Currently there is no standard for assessing virulence 
but most deter m i n a t i o n s  are made using one of the 
live-bird tests. The IVPI was used to measure virulence 
during the 1983 H5N2 epornitic in P e n n sylvania (Pearson et 
a l ., 1986). Of the in vitro methods, plaque formation is
the most frequently used, and a good c o r r e l a t i o n  has been 
demo n s t r a t e d  between plaque formation and virulence as 
determ i n e d  by IVPI (Senne et a l ,, 1986).
ANT I G E N I C  DIVERSITY IN AIVs FROM F R EE-LIVING BIRDS
All of the 13 HA and 9 NA subtypes have been isolated 
from free-living birds (Hinshaw et al., 1979a). Subtype 
di v e r s i t y  is especially apparent in the AIVs isolated from 
free-living ducks which include all of the HA and NA 
subtypes except the H13 (Hinshaw, 1986a). A l t h o u g h  the 
H13 subtype has been reported from ducks in Minnesota, it 
is not known if the source was wild or sentinel birds 
(Halvorson et a l ., 1986).
HA and NA subtypes isolated from wild ducks in Canada 
(Kawaoka et al., 1988; Hinshaw et al., 1980; BoudreauIt e t 
al., 1980), New York (Dieble et al., 1985), Pennsylvania  
(Hinshaw et al , 1986) and the Federal Republic of Germany
(Ottis and Bachman, 1983) are shown in Tables 2.3 and 2.4,
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respectively. Most of these AIVs are included in the H I , 
H3, H 4 , and H6 subtypes (Table 2.3). These subtypes 
r epresented 70% of all isolates from Germany (Ottis and 
Bachman, 1983) and over 93% of isolates from the other 
studies. Although the total number of reported AIV 
isolations are small, the HI, H3, H4, and H6 subtypes also
represent the majority of isolates from ducks reported by 
Sinnecker et al.(1983), Mackenzie et a l . (1984), Abenes et
a l . (1982), Thorson et a l . (1980), and Yamane et a l .
( 1979 ) .
The H2, H5, H7, H8, H9, H10, and H12 subtypes, 
a l t h o u g h  present, occur with low frequency, usually 
representing less than 1% of all isolates. Even at this 
relatively low frequency, a large proportion of a 
p o p u 1at i on may be exposed to these subtype s . This was 
do c u m e n t e d  by Nettles et a l . (1985) who reported that 25%
of 427 wild ducks and 27% of 261 wild geese were 
seropositive for the H5 subtype as determined by HI test.
A similar d i s t r i b u t i o n  is apparent with the NA 
subtypes reported from wild ducks (Table 2.4). Most of 
these AIV isolates are included in the N 1 , N 2 , N3, N 6 , and 
N8 s u b t y p e s . Similar resuits are reported by Yamane et 
a l . (1978), T h orson et a l . (1980), Abenes et a l . (1982),
and Si n n e c k e r  et a l . (1983).
Recent work by Kawaoka et al. (1988) indicates that a
similar amount of subtype div e r s i t y  is apparent, in AIVs 
isolated from gulls, terns, and shorebirds
(C h a r a d r i i f o r m e s ). Eighty-four AIVs isolated from these 
birds included 10 HA subtypes and 8 NA subtypes. Unlike 
AIVs isolated from ducks, these viruses were d o m i n a t e d  by 
the H9 and H13 subtypes representing 26% and 18% of all 
isolations, respectively. The HI (11%), H2 (9%), H4 
(11%), H10 (7%), and Hll (11%) were also common in these
birds.
Circulating AIV subtypes in ducks vary between years 
and locations (Hinshaw et al., 1985 ; Diebel et al., 1985). 
Changes in dominant HA and NA subtypes can also occur 
rapidly as reported by H i nshaw et al. (1985). In Alberta, 
the dominant H3N8 AIV was replaced by the H6N2 subtype in 
5 days.
A l t h o u g h  antigenic diversity occurs in nature, genetic 
drift within a given HA subtype from ducks has not been 
reported. Kida et al. (1987) demo n s t r a t e d  that the 
antigenicity of duck H3 viruses was highly conserved.
This is in contrast with antigenic drift reported in both 
human (Verhoeyen et al., 1980) and poultry influenza 
viruses (Kawaoka and Webster, 1985; Bean, 1986).
AIV PREVALENCE IN FREE-LIVING BIRDS 
Seasonal and age factors:
The migratory and social habits of free-living avian
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species c o mplicates an underst a n d i n g  of the ep i z o o t i o l o g y 
of AIV. Surveys for AIV have yielded variable results 
{Table 2.1), depending, in part, on the season during 
which samples were collected. During 1976-1978, AIV*s 
were isolated from 26% of 4,827 ducks sampled from Alberta 
in August but from less than 2% of 1,350 ducks sampled 
during November in Tennessee (Hinshaw et al., 1980).
A decrease in prevalence of AIV with t ime (season or 
month of sampling) is also evident in results from North 
A meric an mallard p o pulations (Table 2.5). These seasonal 
declines are attributed to infection of susceptible, 
immature birds that concentrate prior to migration. This 
is followed by a decline in AIV infection due to increased 
flock immunity and dispersal of immature birds during the 
southward mig r a t i o n  (Hinshaw et al., 1980).
This is supported by o b s e r vations of higher recovery 
rates from juveniles (under one-year old) compared to 
a d u 1 t birds. Du ring an eight year-study in Albe rta in 
which ducks were sampled during August, the frequency of 
isolation of AIV from juvenile and adult ducks ranged from 
22% to 65% and 6% to 37%, respectively (Hinshaw et a l ., 
1985). Prevalence of AIV was s i g n i f i c a n t l y  higher in 
juvenile mallards and blue-winged teal sampled in New York 
from 1977 to 1983 (Deibel et al., 1985). In Pennsylvania, 
Alt' was isolated from 17% of juvenile and 6.2% of adult 
mallards sampled during 1984 (Hinshaw et al., 1986).
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The seasonal occurrence of AIV in free-living 
waterfowl has also been d e m o n s t r a t e d  using domestic  
sentinel ducks. This technique was used on an island in 
the Baltic Sea to demonstrate a late summer to early fall 
peak in AIV activity (Sinnecker et a l ., 1982). In
Minnesota, AIV was isolated From sentinel ducks from late 
July to early N o v e m b e r  and to a lesser extent during May 
and June (Halvorson et al . , 1983). The same p a t tern of
early fall activity was confirmed in the two subsequent 
years (Halvorson et al., 1985).
A l t h o u g h  recovery rates are lower, AIV has been 
detected in free-living birds during late winter and 
spring, as ev i d e n c e d  by isolates from whi te-f ronted geese, 
mallards, redhead and r i n g-necked ducks, common teal (Anas 
c r e e c a ) , A m e r i c a n  coots (Slemons and E a s t e r d a y , 1975;
Kocan et al., 1980), s p ot-billed ducks (A. p o e c i I o r h y n c h a ) 
(Yamane et al, 1978), mallards (Lipkind et al., 1979b), 
c ommon terns (Z a k s t e l s k a y a  et a l ., 1974), Arctic terns
(Sterna pa r a d i saea) , T i m m i e k s ' s  stint (Calidris 
temmine k i i ) (Zakstelskaya et al., 1975), house s pa r rows 
( Pa s s e r  domest icus) (Romvary et al., 1976b), glossy ibis 
(Plegadis f a l c i n e l l u s ), gray herons (Ardea c i n e r e a ) ,
Arctic loons ( Gavia a re tic: a), great cormorants 
(P h a 1a c r o c o rax c a r b o ), and garganey teal (A .q u e r q u e d u 1 a ) 
(Iftimovici et al., 1980). Kawaoka et al. (1988) reported 
that peak AIV prevalence in C h a r a d r i i f o r m e s  occurred
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during spring and fall.
Yea r l y  var i a t i o n  in the prevalence of AIV in 
free-living ducks has also been documented. Isolation 
rates in A l b erta from 1976 to 1983 varied from 15 to 61% 
in juvenile ducks and from 4 to 27% in adults (Hinshaw et 
a l ., 1985). Subtypes also varied between years, with only
2 (H3N8 and H4N6 ) of 44 subtypes occurring during all 8 
y e a r s .
Similar results are reported from ducks sampled in New 
York from 1977 to 1983 where prevalence of AIV ranged from 
0% to 44.6%, with 5 of 24 identified subtypes isolated 
during a single year only (Deibe 1 et al., 1985), Thorsen 
et a l . (1980) reported AIV isolation rates from ducks in
Can a d a  ranging from 10.2% in 1976 to 2.4% in 1978.
Host species variation:
Inconsistencies in the rate of AIV recovery among 
survey species may reflect the combined effect of 
susceptibility and frequency of contact. Differences in 
response among species have been d e m o n strated for specific 
AIV isolates following experimental infection of both wild 
and domestic birds.
Although experimental infection of A / t e r n / S o u t h  
Africa/1961 killed common terns, swift terns (Sterna 
bergii) suffered no ill effects (Becker, 1967).
Similarly, experimental infection of coturnix quail,
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ring-necked pheasants, rock doves {Coiumba livia), Ballard 
ducks and domestic turkeys with A / t u r k e y / O n t a r i o / 7  7 32/66 
resulted in species-related difference in antibody 
response, shedding of virus and morbidity (Slemons and 
Easterday, 1972). Clinical signs were not observed in 
pheasants and ducks while mortality occurred in turkeys. 
Quail and pheasants exhibited a marked ele v a t i o n  in 
antibody titer fchile a minimal antibody response was seen 
in ducks. Pigeons appeared resistant to infection and no 
antibody response was detected.
F r a n k l i n ’s gulls (Larus pipixcan) and mallards 
e xperi m e n t a l l y  infected with A / t u r k e y / M i n n / B F / 72 shed 
virus for 24 and 6 days post-inoculation, respectively 
(Bahl and Pomeroy, 1977), An t i b o d i e s  were detected by HI 
in gulls but levels were low and erratic in ducks. Canada 
geese were not susceptible to experimental infection with 
A / t u r k e y /W i s c o n s i n / 1966 but the virus was reisolated from 
ring-necked pheasants and mallards which developed only 
low levels of HI antibodies following infection (Homme and 
Easterday, 19 70).
The highly pathogenic A / c h i c k e n / P e n n s y I v a n i a / 8 3  
(H5N2), which caused mortality in excess of BOX in 
chickens, produced a mild transient condition in 
experimentally infected ring-neck pheasants and 
ring-billed gulls (Larus d e 1awarcnsis) (Wood et al. 1985). 
No clinical signs were observed in infected Pekin ducks.
46
Virus was recovered from only 1 of 12 ducks while 
pheasants shed virus in feces for at least 15 days.
Virtually all combinations of he m a g g l u t i n i n  and 
n e u r a m i n i d a s e  subtypes have been isolated from 
An s e r i f o r m e s  (Hinshaw et al . , 1979a) indicating a wide
range of susceptibility. Subtype diversity also has been 
shown in domestic Galliformes, with some reported AIV 
subtypes from chickens including H1N1, H3N2, H3N6* H3N9, 
H6N4 (Shortridge, 1982), H7N7 {Turner, 1976), H4N8 
(Johnson et al., 1977), H6N1 (Halvorson et al., 1980), and 
H5N2 (Petek, 1981). A survey of domestic turkeys in 
M in n e s o t a  during 1980-1983 revealed 13 AIV subtypes 
(Halvorson et al., 1985).
The div e r s i t y  of AIV isolations from domestic 
G a l l i f o r m e s  is in marked contrast to the limited range of 
isolations from free-living Galliformes, suggesting that 
contact or infection is s e l f-limiting or undetected within 
these populations. The status of AIV in these populations 
may change radically if associated with infected poultry.
Occurrence of AIV in wild birds may be significantly 
influenced by taxonomic group or species behavior such as 
migration pattern, habitat preference, feeding habits, 
flocking, or reproductive behavior. An example of 
enhanced potential for contact through behavior is evident 
in Anseriformes. Virus replication in ducks occurs 
primarily in the intestinal tract (Slemons and Easterday,
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1977; W e b s t e r  et al., 1978) leading to the recovery of AIV 
from water c o n t aminated with feces (Hinshaw et a l ., 1979b;
Sandhu and Hinshaw, 1981; Sinnecker et a l ., 1983), It is
beli e v e d  that w a ter represents the principal m e d i u m  of 
infection among ducks (Hinshaw and Webster, 1982). Viral 
exposure is enhanced by both u t i l i z a t i o n  of aquatic 
habitats and an annual species c o n c e n t r a t i o n  as seen in 
wate r f o w 1,
Al though aquatic behavior patterns associ a t e d  with 
A n s e r i f o r m e s  should th e o r e t i c a l l y  enhance viral contact 
among a wide diversity of species, reports of AIV 
isolation are not evenly d i s t r i b u t e d  wi t h i n  the various 
t r i be s in this order. In North Ame rica, 42 indigenous 
species of Anseriformes are recognized and classified  
among two subfamilies and seven tribes (Bellrose, 1980).
Of the 20 North American species from w h i c h  AIV has been 
isolated, 9 are included in the tribe Anatini (river and 
pond ducks). This includes all North American species in 
this tribe except the mottled duck (Anas ful\igula). 
However, since this tribe has received the most attention, 
partially attributable to samp]ing of hunter - k i l l e d  ducks, 
c o m p a r i s o n s  between tribes cannot be reliably eva l u a t e d  at 
this t i m e ,
Differences in prevalence of naturally occurring AIV 
may exist at the species level. Hinshaw et a l . (1980)
reported AIV isolations from 2 9% of 2899 mallards, 34% of
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745 northern pintails and 15% of 838 b l ue-winged teal. 
Results were consistent with regard to relative prevalence 
in these species from year to year and similar subtypes 
were d istr i b u t e d  among species. In a five year Btudy in 
New York, Deihel et al. (1985) reported isolation of AIV 
from 42% of 281 mallards, 30% of 45 American black ducks, 
11% of 215 blue-winged t e a l , and 3% of 748 wood ducks.
AIV PERSI S T E N C E  AND M A I N T E N A N C E
M echanisms of AIV p e r s i s t e n c e  in free-living bird 
populations between seasonal peaks in viral infection are 
unclear (Hinshaw, 1986b). As with human influenza 
viruses, peak activity exhibits a strong seasonality  
(Murphy and Webster, 1985). Although prevalence may be 
greatly reduced, AIVs have been directly (virus isolation) 
or indirectly (sentinel bird studies) detected in wild 
duck populations throughout the year (Slemons and 
Easterday, 1975; Yamane et a l , 1978: Kocan et a l ., 1980;
Halvorson et al., 1983). Isolation rates for all 
serotypes during the fall to mid-su m m e r  period ,however, 
usually are less than 1% (Webster and Kawaoka, 1988).
Since ducks may shed virus in feces for as long as 30 
days, virus ma i ntenance would not requ ire many passages o f 
these viruses in the population (Hinshaw, 1986b). 
Isolations of AIV' from migrating and wintering waterfowl
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support the idea that these viruses can be maintained 
within wild waterfowl p o p ulations (Slemons et al., 1974; 
R o senberger et a l ., 1974; Webster et a l ., 1976; Yamane et
al . , 1978; Nettles et a l . , 1 985 ).
Recent work by Kawaoka et a l . (1988) suggests that a
different annual cycle of infection may exist, in other 
groups of free-living birds. In Charadri iformes sampled 
in Delaware, Maryland, and Virginia, prevalence of AIV 
peaked in spring and fall, suggesting that these viruses 
may overwinter in shorebirds. Although the predominant  
AIV subtypes recovered from Charadrii formes and 
A ns e r i f o r m e s  may differ, common subtypes are seen. It is 
considered significant that at least half of the AIVs 
isolated from shorebirds would replicate in ducks (Kawaoka 
et al., 1988).
A l t h o u g h  the recognized t r a n smission cycle for AIV in 
wild duck populations centers on infection by water 
cont a m i n a t e d  with virus, studies on the p e r sistence of AIV
in this m e d i u m  are limited to only one report by Webster 
et a l . (1978). In this case, persistence of
A / d u c k / M e m p h i s / 5 4 6 / 7 4  (H3N6) was determ i n e d  when duck
feces infected with AIV were placed in Mississippi River 
water. In feces, the initial concent r a t i o n  of 
lxl06,8E I D 50/ml was reduced to 1 x 1 0 3,3EI D50/ml after 32 days 
at 4 C. At 22 C, virus was u n d e t ectable after 8 days. In
river water, an initial co n c e n t r a t i o n  of 1 x 1 09' 8EI D50/ml
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was reduced to 1 x 1 04 13EI D 50/ml after 32 days at 4 C and was 
undetectable after 4 days at 22 C (Webster et al . , 1978).
It has been proposed that these viruses could overwinter  
in frozen lake w a t e r , but to date, viruses have net been 
isolated from natural surface wat e r  when ducks were absent 
(Hinshaw, 1986b ) .
Although there are many reports of AIV surveillance 
among free-living waterfowl and other avian species, 
environmental c o n s i derations in the e p izootiology of these 
viruses have been neglected. Unders t a n d i n g  environmental 
persistence will not only provide insight into currently 
undefined mechanisms of AIV maintenance, but also may aid 
in understanding host species restriction, geographical 
and seasonal variation in prevalence and subtype 
diversity, and in defining specific risk factors 
pertaining to introduction of AIV to both man and domestic 
an i m a 1s .
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TABLE 2.1 Avian influenza viruB isolated froa free-living birds.
No.pos./
Order/species No.tested Location Reference
Gav i i foraes
Red-throated loon 
(Gavia stel lata)








1/1 Can. Boudreault., 1980
Wedge-tailed shearwater 
(Puff inns p a d  ficus)
1/201 Aus. Downie and Laver, 1973
2/289 Aus. Downie et al., 1977
Pelec&niforaes




-/- Ru b . Iftiaovici et al., 1980
Glossy ibis 
(PI egad is falcinel ius)
-/- Koa. Iftiaovici et al., 1980
Gray heron 
(Ardea cinerea)
27/84 USSR Roslaya et al. , 1974
-/- Ro b . IftiBovici et al., 1980
Squacco heron 
(Ardeola ralloides)
-/- Ro b . Iftiaovici et al., 1980
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Anseriforaes
Mute swan 6/503 GDR Sinnecker et al., 1983
(Cygnus olor)
Tundra swan Jap. Otsuki et al., 1984
( C. coiumbianus)
27/90 Jap . TBubokura et al., 1981a
Greylag goose 1/95 GDR Sinnecker et al., 1983
{Anser anser)
White-fronted goose 1/“ USA Sleaons and Easterday, 1975
(/4. albi frons)
Canada goose 1/52 USA Rosenberger et al., 1974
(Branta canadensis)
3/7 USA Boudreault et al., 1980
C o H o n  shelduck 7/263 Fr. Hannoun, 1977
(Tadorna tadorna)
-/- Fr. Hannoun and DeVaux, 1980
Australian shelduck 3/74 Aus. Mackenzie et al., 1984
( T, tadornoides)
Wood duck 2/12 Can. Boudreault et al., 1980
(Aix sponsa)
15/693 USA Deibel et al. , 1985
European wigeon 1/8 Fr. Hannoun, 1977
(Anas penelope)
American wigeon 3/- USA Slenons and Easterday, 1975
(A. americana)
2/32 USA Boudreault et al., 1980
1/22 USA Kocan et si., 1980
11/62 Can. Hinshaw et al., 1980
Falcated teal 1/- USSR Isachenko et a)., 1974
(A. falcata)
G&dwal1 6/52 Can. Hinshaw et al., 1980
(A. strepera)
1/43 Can. Thorsen et al., 1980
1/- FRG Ott i b and Bachaan, 1983
1/65 USA Nettles et al., 1985
Coaaon teal -/- USA Sleaons et al., 1974
(A. crecca)






























Jap. Kida and Yanagawa, 1979
Can. Boudreault et al., 1980
Fr. Hannoun and DeVaux 1980
Can. HinBhaw et al., 1980
USA Kocan et al., 1980
I ce. Webster et al., 1981
Jap. Abenes et al., 1982
GDR Sinnecker et al., 1983
Aus. Mackenzie et al., 1984
USA SleaonB et al,, 1974
USSR Roslaya et al., 1974
USA Roaenberger et al., 1974
USSR Isachenko et al., 1974
USA Bahl et al, 1975
USA Sleaons and Easterday, 1975
Hun. Roavary et al., 1976b
USA Webster et al., 1976
USA Bahl et al., 1977
Fr. Hannoun, 1977
Czech. Greaikova et al,, 1978
Can. Hinshaw et al., 1978
Jap. Yaaane et al., 1978
1srae1 Lipkind et al., 1979b
Can. Boudreault et al., 1980
Can. Hinshaw et al., 1980
USA Kocan et al., 1980
Hal lard






2/3 FGR Ottie and Bachaan, 1980
1/111 Hun. Stun2er et al., 1980
30/396 Can. Thoreen et al., 1980
16/47 1srael Lipkind et al.t 1981
1/60 USA Saitka et al., 1981
- / 4 7 FRG Ottis and Bachaann, 1983
75/271 USA Karunakaran et al., 1983
53/330 GDR Sinnecker et al., 1983
-/- Czech, Turek et al,, 1983
(3IX) Can. H inshaw et al., 1985
1/241 USA Nettles et al., 1985
113/270 USA Diebel et al., 1985
W1290 USA Hinshaw et al., 1986
2/23 USA Rosenberger et al. , 1974
47/517 Can. Boudreault et al., 1980
12/40 USA Deibel et al., 1985
8/334 Jap. Yaaane et al., 1978
1/57 Jap. Yaaane et al., 1979
1/5 Jap. Abenes et al,, 1982
12/233 Aus. Mackenzie et al., 1984
- A USA Sleaons et al., 1974
1/32 Fr. Hannoun, 1977
8/112 Can . Hinshaw et al., 1978
1/26 Jap. Yaaane et al., 1978
1/1 Jap. K ida and Yanagawa, 1979
8/36 Can. Boudreault et al., 1980
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Northern pintail -/- Fr. Hannoun and DeVaux, 1980
256/745 Can. Hinshaw et al.i 1980
1/4 Israel Lipkind et al., 1981
(29*) Can. Hinshaw et al., 1985
Garganey teal -/- Roa. Iftiaovici et al., 1980
(A , querquedula)
Blue-winged teal -/- USA Sleaons et al., 1974
(A. disrors)
3/- USA Sleaons and Easterday, 1975
1/9 Can. Hinshaw et al,, 1978
33/120 Can. Boudreault et al., 1980
132/838 Can. Hinshaw et al., 1980
21/196 USA Deibel et al., 1985
1/17 USA Hinshaw et al., 1986
Cinnaaon teal -/- USA Sleaons et al., 1974
(A . cyaiioptera)
Northern shoveler -/- USA SleaonB et al., 1974
(A. clypeata)
10/33 Can. Boudreault et al., 1980
Canvasback 1/14 Can. Hinshaw et al., 1978
(Aythya vaJisineria)
2/47 Can. Hinshaw et al., 1980
Redhead 3/- USA Sleaons and Easterday, 1975
(A. americana)
1/46 Can. Hinshaw et al., 1980
Tufted duck 1/197 Jap. Tsuobokura et al, 1981b
(A. fuligula)
2/40 Jap. Tauobokura et al, 1981a
Tufted duck 6/- FRG Ott i s and Bachaann, 1983
R i ng-necked duck 1/- USA Sleaons and Easterday, 1975
(A. colJaris)
2/18 Can. Boudreault et al., 1980





2/157 GDR Sinnecker et al. , 1983
Bufflehead 
(Bucephala albeola)




1/4 Can. Hinshaw et al., 1980
Rock partridge 
(Alectoris graeca)




-/- Hun. Roavary et al., 1976a
Coaaon aoorhen 
{Gall inula chloropus)
1/3 Hun. Roavary et al., 1976a
Eurasian coot 
( Fulica atra)
1/4 Hun. Roavary et al. , 1976a
4/64 1srael Lipkind et al., 1981
15/- FRG Ott i s and Bachaann, 1983
1/14 Aus. Mackenzie et al., 1984
American coot 
( F. americana)
3/58 USA Sleaons and Easterday, 1975
Coluabiforaes




1/19 Hun. Ronvary and Tanyi, 1975
Spur-winged lapwing 
( Vane 11 us spinosus)
1/2 I ndia Manjunath and Mai 1 ick , 1981
Eurasian woodcock -/- USSR Isachenko et al., 1974
{Scolopax rusticola)
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Eurasi an woodcock -/- USSR Roslaya et al,, 1974
Eastern dunlin 
(Calidris alpina)
1/38 Jap. Honda et al., 1981
Seaipalaated sandpiper 
(C. punsi I la)
-/133 USA Kawaoka et al., 1988
Sander1ing 
( C. Alba)
-/133 USA Kawaoka et al., 1988
Red knot 
{C. canutus)
-/69 USA Kawaoka et al., 1988
Teamick’ s stint 
( C, teaminckii)
-/- USSR Zakstelskaya et al., 1975
Ruddy turnstone 
(Arenaria interpres)
-/162 USA Kawaoka et al., 1988
Ring-bi1 led gul1 
(Larus delawarens is)
64/3024 USA Hinshaw et al., 1982
2/189 USA Nettles et al., 1985
Herring gull 
(L. argentatus)
2/23 USSR ZakBtelskaya et al., 1975
1/- USA Hinshaw and Webster, 1982




1/- USA Hinshaw and Webster, 1982
Franklin’s gull 
(L. pi pixcan)
1/30 USA Hinshaw and Webster, 1982
Black-headed gull 
(I. ridibundus)
7/316 GDR Sinnecker et al., 1983
Slender-billed gull 
(£. genei)
-/- USSR Lvov, 1978
Black-tailed gull 
(L. crassirostris)
13/175 Jap. TBubokura et al., 1981a
Laughing gull 
(L. atricilla)
-/118 USA Kawaoka et al., 1988
Cobnon tern 
(Sterna birundo)
3/3 S.Afr. Becker, 1966
3/49 USSR ZakstelBkaya et al., 1975
Arctic tern 
(S. paradisaea)
3/20 USSR Zakstelskaya et al., 1975
2/28 GDR Sinnecker et al., 1983
Sooty tern 
(S. fuscata)
1/294 Aus. Mackenzie et al., 1984
Sandwich tern 1/351 GDR Sinnecker et al., 1983
(S. aandvicensis)
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White-winged black tern -/- USSR Roslaya et al., 1074
(Chiidonias leucoptera)
Lesser noddy tern 1/254 Aus. Mackenzie et al. , 1984
(Anous stoJidus)
Coaaon aurre 1/100 USSR Sazanov et al., 1977
(Vria aalge)
Piciforaes
Great-spotted woodpecker _/_ USSR Roslaya et al., 1974
{Dendrocopos major)
Passeriforaes
Spotted flycatcher 1/- USSR Isachenko et al., 1974
{Muscicapa striata)
Alder flycatcher 3/34 Can. Boudreault et al., 1980
(Empidonax alnorum)
Barn swallow -/- Egypt Aain et al,, 1980
(Hirundo rustics)
Coaaon jackdaw -/- USSR Isachenko et al., 1974
( Corvus monedula)
Carrion crow -/- USSR Isachenko et al., 1974
(C. corone)
Redstart -/- Egypt Aain et al,, 1980
( Phoenicurus phocnicurus)
Herait thrush 1/10 Can. Boudreault et al., 1980
(Catharus guttatus)
Swainson’s thrush 1/45 Can. Boudreault et al,, 1980
( C. ustulatus)
Garden warbler -/- Egypt Alin et al., 1980
(Sylvia borin)
Greater wh i tethroat -/- Egypt Aain et al., 1980
(S. communis)
Greenish warbler -/- Egypt Aain et al., 1980
( Phyllosocopus
trochiloides)
Icterine warbler -/- Egypt Aain et al., 1980
(Hippolais icterina)
Yellow wagtail -/- Egypt Aain et al., 1980
(Motaci 11a flava)
Buraese shrike _ /_ Egypt Aain et al.,1980
(Lanius colluroides)
Coaaon starling 1/42 1srael Lipkind et al., 1979a
(Sturnus vulgaris)
1/282 Israel Lipkind et al., 1981




















Can. Boudreault et al . , 1980
Can. Boudreau1t et al . , 1980
Can. Boudreault et al . , 1980
Can. Boudrealul et al . , 1980
Hun. Roavary et al.* 1976b
USSR Roslaya et al.i 1974
USSR Roslaya et al.i 1974
Can. Boudreault et al . ,1980
Can > Boudreault et al ., 1980
*No.pos/No.tested not reported
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TABLE 2.2 Free-1iving species reported seroposi tive for avian 
influenza viruBes.
Order/Species Reference
















Zakstelskaya et al., 1972
Zakstelskaya et al., 1972
Laver and Webster, 1972 
Downie and Laver, 1973 
Downie et al., 1977 
Laver and Webster, 1972
SlepuBkin et al. , 1972
Easterday et al., 1968 
Easterday et al., 1968 
Winkler et al., 1972 
Fukisi et al., 1977 
S 1epuskin et al,, 1972 
Slepuskin et al., 1972 
Fukisi et al., 1977
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Northern pintail Slepuskin et al., 1972
Zakstelskaya et al. , 1972
Greater scaup (Aytbya mariJa) Zakstelskaya et al . , 1972
Black scoter (Melanitta nigra) Zakstelskaya et al. , 1972
Oldsquaw Zakstelskaya et al . , 1972






Coaaon snipe (GaJUnago gal I inago) 
Herring gull
Lesser black-backed gull (Larus fuscus) 
Black-headed gull 
Black-tailed gull
White-capped noddy tern (Anous minutus) 
Black guilleaot (Copphus grylle)
Coaaon nurre 
Passeriforaes
Coaaon crow (Corvus brachyrhynchos) 
Carrion crow 
House sparrow
Slepuskin et al., 1972
Roavary et al,, 1976b
Slepuskin et al., 1972 
Zakstelskaya et al., 1972 
Zakstelskaya et al., 1972 
Roavary et al., 1976b 
Slepuskin et al., 1976b 
Laver and Webster, 197 2 
Slepuskin et al., 1972 
Sazanov et al., 1977
Johnson et al., 1977 
Roavary et al., 1976b 
Roavary et al., 1976b
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TABLE 2.3 Heaagglutinin BubtypeB reported froa free-living ducks
Percent of reported isolates
Subtype Alberta1 New York2 Penn.3 FRG* C&nads
n=2599 n=l 60 n=l 71 n=65 n=l 14
HI 3.3 10. 0 0. 5 10.7 82. 4
H2 0.7 1. 3 0.5 4.6 0.0
H3 32.6 33. 1 20.4 27.7 10.5
H4 18.7 38. 1 27.9 27.7 1.7
H5 0.2 0.6 0.5 0.0 0.9
H6 41.2 12.5 50.3 4.6 4.4
H7 0.7 0.0 0.0 1.5 0.0
H8 0.3. 0.0 0.0 0.0 0.0
H9 0. 5 0.0 0.0 0.0 0.0
H10 0.7 0.0 0.0 0.0 0.0
HI 1 0.8 3.8 0.0 21.5 0.0
HI 2 0.0 0.6 0.0 0.0 0.0
HI 3 0.0 0.0 0.0 0.0 0.0
‘Kawaoka et al., 1988
2Deibel et al., 1985 
3Hinshaw et al., 1986 
40ttis and Bachaan, 1983 
5Boudreau It et al., 1980
63
TABLE 2.4 Neuraainid&Be subtypes reported froa free-living ducks.











N1 4.5 7.9 0.0 10.8 83. 3
N2 42.2 36.0 57.3 10.8 7.0
N3 1. 2 12.2 0.0 23.0 0.0
N4 0.2 0.0 0.0 0.0 0.0
N5 0.3 1. 2 0.0 1.5 0.0
N6 20. 6 12.8 18. 1 23.0 9.6
N7 0.0 0.0 0.0 0.0 1. 7
N8 30.0 25. 6 22.2 30.8 0.9
N9 0.0 2.4 2.3 0.0 0.0
1HinBhaw et al. , 1980
zDeibel et al., 1985 
3Hinshaw et al., 1986 
10ttis and Bachaann, 1983 
5BoudreauIt et al., 1980
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TABLE 2.5 Avian influenza virus isolation results froa North American 
aallards by aonth of Baapling.
Month Location No.Test X Pos Reference
Ju1y-Sept. Quebec 30 36. 7 Boudreault., 1980
Ju1y-Sept. Ontario 396 7.6 Thorsen et al., 1980
Aug. Alberta 673 14 .4 Hinshaw et al.,1978
Aug. Alberta 2899 29. 3 Hinshaw et al., 1980
Aug. Alberta -- 31.0 Hinshaw et al., 1985
Aug,-Sept. NY 270 42.0 Deibel et al., 1985
May-Nov.1 PA 1290 14.0 Hinshaw et al., 1986
Sept. MN 60 7.0 Bahl et al,, 1975
Sept. MN 184 13.0 Bahl et al., 1977
Oo t.-March OK 91 8.0 Kocan et al., 1980
Nov . DE/MD 43 2.0 Rosenberger et al.,
Nov. MB 242 1.0 Nettles et al., 1985
Nov. - Jan. AR 669 1.0 Webster et al., 1976
Nov.-May PA 473 0.0 Nettles et al., 1985
1 54X of isolations in August, 45% in Septeaber.
CH A P T E R  3. AVIAN INFLUENZA V I R USES FROM M I GRATORY 
AND RESIDENT DUCKS OF C O A STAL LOUISIANA
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6 6
A B S T R A C T
Cloacal and tracheal swabs were c o llected from 1,389 
h u n t e r - k i l l e d  ducks in C a m eron Parish, Lou i s i a n a  during, 
the 1986 and 1987 September, November and D e c e m b e r /January 
waterfowl seasons. These included 605 b l u e - w i n g e d  teal 
(Anas d i s o a r s ), 75 mottled ducks (A. f u l v i g u l a ) t 375
gadwalIs (A . s t r e p o r a ) and 334 gre e n - w i n g e d  teal { A , 
crecca). T w e n t y - e i g h t  avian influenza viruses (AIVs) were 
isolated. Prevalence estimates of AIV in ducks sampled 
during September, November, and December through January 
were 3 . IX, 2 . OX, and 0.4X, respectively. Diff e r e n c e s  in 
preval e n c e  were detected by season (P=.044 ) and age class 
( /*= . 036 ) . Two isolations from resident mottled ducks 
document transmission of AIV on these wintering areas.
Much subtype diversity was present with 9 of 13 HA and 
9 of 9 NA subtypes recovered. Predominant HA and NA 
subtypes were typical of AIVs commonly associated with 
wate r f owl .
A plaque assay served as an in vitro test of 
pathogen icity. Plaque-fo rmat ion w i thou t trypsin was much 
reduced for 18 of 28 AIVs which is typical of AIVs 
exhibi t i n g  1 ow- pat hogeri i c i t y in chickens.
Results indicate that AIVs are transmitted in the 
wi n t e r i n g  areas and although prevalence is low, these 
viruses continue to circulate within these duck 
po p ulations during winter.
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INTRODUCTION
Avian influenza vi rus (AIV) has been reported from 20 
of the 42 species of indigenous North A m e r i c a n  ducks, 
geese and swans (Stallknecht and Shane, 1988), and it is 
widely recognized that members of the order A n s e r i f o r m e s  
represent an important reservoir for these viruses 
(Hinshaw, 1986a). A l t h o u g h  the mig r a t o r y  behavior of many 
of these species provides a potential m e c h a n i s m  for 
widesp r e a d  di s s e m i n a t i o n  of AIV, there are few reporta of 
surveillance among ducks on North American wintering 
grounds (Slemons et a l ., 1974; Rosen b e r g e r  et a l ., 1974;
W e b ste r et a l ., 1976; Hinshaw et al., 1980; Kocan et al.,
1980; Nettles et a l ., 1985), Information concer n i n g
prevalence has a p p l i c a t i o n  in the preven t i o n  of poultry 
disease and will facilitate identification of natural 
mechanisms of AIV maintenance and persistence within wild 
avian populations.
Although the coastal marshes of Louisiana are annually 
visited by a diversity of waterfowl species representing 
two-thirds of the waterfowl po p u l a t i o n  of the Mississippi 
Flyway (Bellrose, 1980), there is no information 
pertai n i n g  to AIV prevalence within these w i ntering  
populations. The objectives of this study were:
1 ) To determine AIV prevalence and subtype diversity 
in migratory and resident duck p o p ulations of coastal 
Louisiana;
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2) To test posible effects of season, age class and 
species on AIV prevalence in these populations, and;
3 | To document the tra n s m i s s i o n  of AIV on coastal 
Lou i s i ana win t e r i n g  areas.
MATERIALS A N D  METHODS
Study area and survey populat i o n s :
The coastal area of Lou i s i a n a  includes approx i m a t e l y  
2.6 million Ha in the extreme southern portion of the 
state. Fresh, intermediate, brackish, and saline marshes 
account for 2 3%, 10%, 13% and 23% of the total area,
respectively. The remaining non-marsh area {31%) is 
devoted primarily to rice, soybean and cattle pr o d u c t i o n  
(Unpublished data, LA. Department of Wildlife 
C o n s e r v a t i o n ).
Ducks were surveyed from lands adjacent to the 
R ockefeller State Wildlife Refuge, Louisiana Depart m e n t  of 
Wildlife and Fisheries (L D W F ), C a m eron Parish, Louisiana. 
Survey species, including blue- w i n g e d  teal (Anas d i s c o r s ), 
mottled duck {A. fulvigula), gre e n - w i n g e d  teal (A. 
c r e c c a ) , and g a d w a l 1 (A . s t r e p e r a ) , we re selected based on
behavioral and p o p u lation characteristics. B l ue-winged  
teal are an early migrating species that arrives in 
Louisiana and other southern win t e r i n g  areas in August. 
Peak populations occur in September (Bel 1 r o s e , 1980), the
period of reportedly highest AIV prevalence in wild duck
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p o pulations (H i n s h a w , 1986a). The m o 1 1 1ed duck is a
resident Bpecies which was utilized as a natural sentinel 
for de t e c t i o n  of 1ocal t ransm i ssion of AIV. Green-wi nged 
teal and gadwall represent the most abundant waterfowl 
species on the coastal Louisiana wintering area from 
November through February (Unpublished data, LA.
Department of Wildlife Conservation). With the e x ception  
of the mottled duck, AIV has been reported from each of 
these species (Hinshaw et al., 1980).
Population estimates for each species from August 
through January 1986 and 198 7 we re obtained through aeria 1 
transect census by the LDWF (Bateman, 1970).
Data is presented for the southwest coastal zone which is 
bordered by U.S. Highway 90 to the north, Marsh Island to 
the east, Texas to the west and the Gulf of Mexico on the 
s o u t h .
Sample collection:
Cloacal and tracheal Bamples for isolation of AIV were 
collected from h u n t e r - k i 1 led ducks during the 1986 and 
1987 duck seasons. Ducks were sampled during the periods 
September 20-27, November 12-29, December 20-January 10, 
1986 and S e p tember 19-25, N o v e m b e r  7-28, December 
19-January 9, 1987.
Sampled ducks included birds which were submitted to a 
commercial plucking Bhed for processing and ducks brought
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d i rec 11y f rom the field by h u n t e r s . In all cases, bird 
were harvested by hunters during the same morning as they 
were sampled, with no more than 5 hr elapsing between 
harvest and collection of swabs. With the e x c eption of 
mottled ducks, all birds were aged based on plumage 
c h a r a c t eristics as described by Carney (1964).
Samples were collected with sterile dacron swabs which 
were placed in 3.6 ml brain heart infusion broth with 
penicillin G (10 Ku*s/ml), streptomycin (2 mg/ml), 
kanaraycin (0.6 mg/ml), gentam i c i n  (1 mg/ml), and 
a mp h o t e r i c i n  B (0.02 mg/ml). Samples were t r a nsported  
from the field on wet ice (< 12 hr collection and
transport time from time of death) or liquid nitrogen (>
12 hr c o l l ection and transport time) and were stored at 
-70 C until processed.
Virus isolation and identification:
Samples were thawed, vortexed, and c e n t r i f u g e d  (1,500 
xg for 20 min), with supernatant fluid inoculated (0.3 
ml/egg) via the allantoic route into four 9-day old 
specific pathogen free (S P F ) e m b ryonated chicken eggs.
Eggs were incubated at 37 C and candled daily to m o n i t o r  
embryo viability. Eggs in which embryos had died during 
the first 24 hr were discarded.
At 72 hr or upon embryo death (24-72 hr), inoculated 
eggs were removed from the incubator and chilled (4 C) for
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2 hr. A p p r o x i m a t e l y  0.5 ml of amnio-al l a n t o i c  fluid (AAF) 
was harvested from each egg with a sterile syringe (3 cc ) 
and needle (22 g a ) .
A m n i o - a l l a n t o i c  fluid (50 u l } from individual eggs was 
serially diluted (1:2-1:16) in phosphate buffered saline 
(PBS) (50 ul/well) in four wells of a plastic 96-well 
v-bottom m i c r o t i t e r  plate. H e m a g g l u t i n a t i o n  (HA) activity  
was tested using a 0.5% suspension (in PBS) of washed 
c h i c k e n  e r y t h r o c y t e s  (50 ul/well). Plates were read 30 
min following addition of chicken erythrocytes.
If AAF tested HA negative, AAF was pooled by sample, 
d i luted 1:10 in sterile PBS and repassaged into 4 
additional 9-day old SPF eggs. A m n i o - a llantoic fluid which 
was HA po sitive was tested by agar gel immunod if f us i on 
(A G D ) for the presence of type-A specific n u c l e o p r o t e i n  
using u n c o n c e n t r a t e d  AAF as test antigen.
The AGD test was pe r formed using a 0.9X solution of 
agarose in PBS as described by P e a rson and Senne (1986). 
A n tigen prepared from c h o r i o - a 11 antoic mem b r a n e s  of 
infected c h icken eggs and ant i s e r u m  against type-A 
influenza nu c l e o p r o t e i n  were provided by the National 
Veteri n a r y  Services Laboratory (N V S L ), Animal Plant Health 
Inspection Service, U S D A , Ames, Iowa.
All isolates were serotyped using h e m a g g l u t i n a t i o n  
inhibition (HI) and n e uraminidase inhibition (NI) tests by 
the NVSL. At least two antise r u m s  with different HA and
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NA combinations were used for each of the HA and NA 
subtypes (Pearson and S e n n e , 1986). The HI test was 
performed using a m i c r o t i t e r  procedure with four to eight 
HA units of antigen as described by the Com m i t t e e  on 
Standard Method for the H e m a g g l u t i n a t i o n  and 
H e m a g g l u t i n a t i o n - I n h i b i t i o n  Test for Newcastle Disease 
V i r u s - M i c r o t i t e r  technique (1975). The NI m i c r otiter 
technique is described by Va n D e u s e n  et a l . (1983),
P a t h o g e n i c i t y  determination:
Pa t h o g e n i c i t y  of all AIV isolates was d e t e r m i n e d  in 
vitro using a plaque assay in M a din Darby canine kidney 
(MDCK ) cells with and without trypsin (Alexander, 1981). 
Each well (35 mm) of two 6-well tissue culture plates was 
seeded with 2 ml of Eagles minimal essential media (MEM) 
containing 5 x l 0 5 cells/ml. Media was sup p l e m e n t e d  with 
10% fetal calf serum, a n t i b i o t i c s  (100 U penici l l i n  G and 
100 ug str e p t o m y c i n  sulfate/ml), and buffers (final 
c o n c e n t r a t i o n  10 mM N a H C 0 3 and 25 mM HEPES buffer). 
Cultures were incubated at 37 C in an atmosphere of 5% C O a 
with confluent monola y e r s  forming in 24-48 hr.
All viruses were tested using AAF from either the 
first or second egg passage. At testing, media was 
removed from all wells of the 6-well plates and monolayers  
were washed with serum-free MEM. A m n i o - a l l a n t o i c  fluid 
was diluted 10-fold in serum-free MEM with 0.2 ml of the
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appropriate dilution inoculated into each of five wells on 
the duplicated plates. The Bixth well on each plate 
served as a control and rece i ved 0.2 ml M E M . Virus was 
allowed to adsorb to the mon o l a y e r  for 1 hr in a 
hum i d i f i ed chambe r at 3 7 C .
Following adsorption, all fluid was removed. For the 
first plate, the monolayer was overlaid with 3 ml MEM 
containing 0.4X agarose and s u p p lemented with 5 mg 
lactalbumin hydrolysate and 10 mg peptone/ml. For the 
second plate, whi c h  received the trypsin treatment, highly 
purified trypsin (Sigma Chemical, Type-IX) was added to 
the overlay media at a final c o n c e n t r a t i o n  of 0.7 u g / m l .
The agarose overlay was allowed to solidify for 15 min at
room temperature. Plates were inverted and incubated for 
96 hr in a humidi f i e d  c h a mber at 37 C.
At 96 hr, plates were stained by overlaying the 
agarose with 1 OX buffered formalin containing IX crystal 
violet. Stain was removed at 6 hr, and plaques were 
counted, Quant i ty of v i rus was expressed in 
plaque-forming units (PFU)/ml.
PIaque puri f icat i o n :
For any AIV isolate testing positive on HI or NI for
two or more subtypes, a plaque assay with trypsin was done
as previo u s l y  described. Individual plaques were sampled 
by collecting the overlay in a sterile Pasteur pipette,
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and inoculating contents into a 9-day old SPF embry o n a t e d  
chicken egg. A m n i o - a l l a n t o i c  fluid was harvested at 72 
hr, and two HA positive samples were resubmitted to NVSL 
for HI and NI tests.
Statistical analysis:
Differences in prevalence were tested by Chi Square 
analysis (SAS, 1987). Confid e n c e  limits (P=0.05) were 
calculated for frequency estimates (Fleiss, 1981).
RESULTS
P o p u lation est i m a t e s  for survey Bpecies
Population estimates for ducks in the southwest 
coastal zone during 1986 and 1987 d e m o n strated a similar 
trend in both p o p u lation size and relative abundance of 
species (Figure 3.1). N u m bers of blue-winged teal and 
mottled ducks decreased with time during each year. 
B l u e - w i n g e d  teal p o pulations peaked in Sep t e m b e r  with 
estimates of 151,700 and 190,000 birds during 1986 and 
1987, respectively. This species initially arrived in the 
area during late August in 1986 and during the first week 
of August in 1987. Mottled duck estimates peaked in 
September, with populations of 57,000 and 65,000 in 1986 
and 1987, respectively.
Gadwall and green-winged teal populations estimates 
increased during the sampling period. In 1986, Gadwulls
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peaked at 218,000 during November, and in 1987, 274,000 
birds were present during December. During 1986, 
gre e n - w i n g e d  teal estimates were highest (123,000) during 
J a n u a r y , and in 198 7 peaked dur ing December (218,000), 
P o p u l a t i o n  estimates during 1986 may u n d e r e s t i m a t e  actual 
numbers, however, since adverse w e a ther prohibited surveys 
during mid November and December.
During Sep t e m b e r  and O c tober of both years, 
b l ue-winged teal represented the most common species on 
the area (Figure 3.1). During both years gadwalls were 
the most abundant species in November and m a l l a r d s  (A. 
platyrhynchos) were most prevalent during December and 
January. Other species which were abundant on the area 
(population > 50,000) included A m e r i c a n  w i g e o n  (A. 
americana), northern shoveler (A . c l y p e a t a ), northern 
pintail (A. acuta), and ringnecked duck (Aythya c o l l a r i s ).
Results of avian influenza virus isolations:
During 1986 and 1987, 1,389 samples were col l e c t e d  for
AIV isolation. Twenty-eight AIVs were isolated (Table 
3.1). All but 5 (82%) of the isolated AIVs were detected
by HA on initial egg p a s s a g e . Of the five AIVs that were 
detected during the second passage, two (42B and 44B) 
dem o n s t r a t e d  100% embryo mortality on the first passage 
but tested negative on HA.
Var i a t i o n  was evident, in both the numbers of eggs
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testing HA positive at initial detection and in embryo 
death. For 43X of the isolated AIVs, HA positive results 
were initially detected from only one egg. Embryo 
mor t a l i t y  ranged from OX to 100X at the t i me of isolation.
Prevalence of AIV in ducks:
T h i r t e e n  AIVs were isolated from 419 blue-winged teal 
sampled during the September 1986 and 1987 early teal 
seasons for an overall AIV prevalence estimate of 3 . IX 
(Table 3.2). A v ian influenza virus was isolated from 10 
of 234 juveniles (4 . 3X ) and 3 of 185 adults ( 1 .6 X ) . No 
differ e n c e  in prevalence was detected between these age 
classes (P=0.120). By year, AIV was present in 2.1% and 
3.6X of blue - w i n g e d  teal sampled during 1986 and 1987, 
respectively. No differ e n c e  between years was detected 
( P= 0 . 393 ) .
Overall, 142 b l u e-winged teal, 266 gadwalls, 222 
gre e n - w i n g e d  teal, and 68 mot tied ducks were sampled 
during Nove m b e r  (Table 3.3). During 1986, AIV was 
isolated from 4 of 222 (1.8 X ) ducks, but isolations were 
restricted to b l u e - w i n g e d  teal. During 1987, AIV was 
recovered from all species sampled and was isolated from 
10 of 476 ( 2 . IX) ducks. For the two years combined, AIV 
was isolated 4 . 2X of blue-winged teal, 0 . 7X of gadwalls,
1 . 8X of gre e n - w i n g e d  teal, and 2.9% of mottled ducks.
Data on age class were recorded for 630 ducks sampled
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in Nov ember and included 362 juveniles and 268 adults. 
Prevalence of AIV in these age classes was 2.5% and 1.1%, 
respectively. Age class data were available for 19 of 68 
mottled ducks sampled during this month. Both mottled 
ducks from which AIV was isolated were juveniles.
One AIV isolate was obtained from 272 (0.4%) ducks
sampled in D e c e m b e r / J a n u a r y , including 44 blue-winged 
teal, 109 gadwalls, 112 gree n - w i n g e d  teal, and 7 mottled 
ducks (Table 3,4). This sample included 145 juveniles and 
120 adults. The single isolation came from a juvenile 
green-winged teal sampled on January 9, 1988.
Avian influenza virus was detected in 7 of 410 (1.7%) 
ducks co l l e c t e d  during 1986 and from 21 of 979 (2.1%) 
ducks sampled in 1987. No difference (P=0.596) was 
apparent between years.
In combining all data, AIV was isolated from 6 of 578 
(1 . 0% ) aduIts and 22 of 756 (2.9%) j u v e n i l e s , and 
prevalence differed by age (P=0.036). Differences between 
age classes by species were only detected in blue-winged  
teal (P=0.038), with AIV isolated from 15 of 337 (4.4%)
juveniles and 4 of 268 (1.5%) adults.
Species effects were tested only for the November and 
D e c e mber/January sample periods (n=975). This eliminated 
the possibility of bias a s s o ciated with early sampling 
restricted to b l u e-winged teal. No differences (P=0.084) 
between b l ue-winged teal (3.2%), g a d w a l 1 (0.5%),
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green-winged teal (1.5%), and mottled duck (2.6%) were 
d e t e c t e d .
In reviewing the effect of season, AIV was Isolated 
from 3.1% of ducks sampled in September, 2.0% in November, 
and 0.4% in D e c e m b e r / J a n u a r y , respectively. These 
estimates of prevalence were significantly different  
( P= 0 . 044 ) .
Subtype diversity:
Twelve subtypes were isolated including 9 of 13 HA 
subtypes and 9 of 9 NA subtypes (Table 3.5). No AIVs of 
the H5, H7, H9, or H13 subtypes were isolated. One AIV
tested positive to both the H3 and H4 subtypes in HI
tests. Two plaque isolates of this virus were resubmitted
to NVSL for HI and NI tests. A c r o s s - r e a c t i o n  with the H3
and H4 antisera was confirmed for both plaque isolates.
The H4N6 subtype was most common, representing 32% of 
all isolates. This subtype was restricted to blue-winged 
teal where it represented 47% of all isolates. Subtypes 
isolated from more than one species included the H1N1 
(blue-winged teal and green-wi nged teal), H6N2 (mo11led 
duck and gadwall), and H3N8 (blue-winged teal and 
gadwall). Only subtypes H4N6, H1N1, and H11N9 were 
recovered during both y e a r s .
The d i s t r i b u t i o n s  of HA and NA subtypes from these 
isolates are shown in Figures 3,2 and 3.3, respec t i v e 1y .
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The single AIV (360B) w h ich c r o ss-reacted with the H3 and 
H4 subtypes on HI is not included in d a t a  pr e s e n t e d  in 
Fi gure 3.2.
P a t h o g e n i c i t y  test:
Va r i a t i o n  in the ability of these isolates to f orm 
piaques was apparent (Table 3.6). All AIVs formed plaques 
in the presence of trypsin. Plaque size and morphology  
varied greatly within and b e t ween AIVs, but in g e n e r a l , 
ranged from <0.5 to 5 mm with most less than 3 mm in 
d i ame te r .
C a l c u lations of percent plaque efficiency (PFU/ml 
without trypsin / PFU/ml with trypsin * 100) showed
extreme variability. An effici e n c y  of less than IX was 
observed for 18 (64.3%) AIVs, six of w h ich failed to form 
any plaques without trypsin. An additional 4 isolates 
(14.2%) d e m o n s t r a t e d  a 1% to 10% plaque efficiency. Six 




For the 28 AIV isolations, 82% were detected in the 
initial egg passage. This is comparable to results 
reported by NVSL during the 1983 H5N2 epornitic in 
Pennsylvania, in which 96% of all isolates were detected
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during the first passage (Pearson et a l . 1986). If
u n explained embryo mortality had been added as a criteria 
for repassage, 89X of AIVs from this study would have been 
detected on initial passage. There was con s i d e r a b l e  
variation in embryo mortality which is n o r m a 1 for both 
n on-pathogenic and pathogenic AIVs propagated at 37 °C 
(Webster and Kawaoka, 1988).
Dual infections with AIV have been reported in 7X of 
AIV infected ducks in Canada (Hinshaw et a i ., 1980).
V eri f i c a t i o n  of HI results for two plaque isolates of 
virus 360B ind i cated that this was a c r o s s -reac tion with 
the H3 and H4 antiserums used at NVSL and did not 
represent a dual infection with H3N6 and H4N6 viruses.
Prevalence of AIV in coastal Louisiana w a t e r f o w l :
Prevalence estimates for AIV dec r e a s e d  with season, 
which is consistent with results from other waterfowl 
surveys (H i nshaw et al., 1980; Stallknecht and S h a n e ,
1988). D i f ferences in AIV prevalence between age classes 
was also de tec ted in thiB study and has been reported i n 
other p o pulations (Deibel et a l ., 1985; Hinshaw et a l .,
1985; Hi nshaw et al., 1986). The failure to detect age 
related d i f f e r e n c e s  in individual species other than b l u e ­
w inged teal can be attributed to low preval e n c e  of AIV 
observed in these species. This low prevalence, which was 
especi a l l y  apparent in the November and D e c e m b e r / J a n u a r y
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sample periods, may also explain the failure to detect 
species related d i f f e r e n c e s  in prevelance of AIV.
Prevalence es t i m a t e s  for AIV in blue-winged teal, 
sampled in Louisiana during S e p tember (2.1 * in 1986 and 
3.6% in 1987), were lower than previous reports for this 
species. A prevalence of 27.5* was reported from 120 
b l u e - w i n g e d  teal sampled in Canada during July and August 
(Boud reauIt et al., 1980). Hi nshaw et al. (1980) reported 
a p r e v a l e n c e  of 15.6* in 838 blue-winged teal sampled in 
A l berta during August. Of 196 teal sampled in New York 
during August and September, AIV was isolated from 21 
(10.7*) (De i b e 1 et al., 1985). In P e n n s y 1vania, AIV was
isolated from 1 of 17 (5.8*) blue-wing teal sampled in
August and Se p t e m b e r  (Hinshaw et al., 1985).
The Louisiana data are consistent with reports of AIV 
isolation from mig r a t i n g  b l u e-winged teal in New York 
(10.7*) (Deibel et a l ., 1985) and P e n n s y l v a n i a  (5.8*)
(Hinshaw et al., 1985). Lower prevalence in migrating 
b i rds during a pe riod associ a t e d  with h i ghe st AIV 
prevalence in waterfowl on northern habitats (Hinshaw 
1986a), may result from a decrease in p o p u lation density, 
a change in asso c i a t i o n  patterns with other waterfowl 
species, a change in habitat, and/or a delay in migration 
associated with AIV infection. Reduced activity and 
feeding, w h i c h  could poten t i a l l y  disrupt migratory 
behavior, were observed in mallards that were
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exper i m e n t a l l y  infected with five H5 AIVs (Cooley et al., 
1989 ) .
Overall prevalence estimates for ducks sampled during 
N ovemb er were compar a b l e  with previ o u s  reports for this 
period. In Arkansas, AIV was detected from 6 of 829 
(0.7%) h u n t e r - k i 11ed ducks sampled from N o v e m b e r  through 
January (Webster et al., 1976). In T e n n e s s e e , a 
prevalence of 2% was obser v e d  in 1,350 sampled in November 
(Hinshaw et a l ., 1980). Similar results from Nove m b e r
hunt er-killed s a m p 1es we re reported f rom more than 2,000 
ducks in C a l i f o r n i a  (2%) (Slemons et a l ., 1974), from 346
ducks in Okla h o m a  (2.6%) (Kocan et a l ., 1980), from 159
ducks and geese in Delaware and Maryland (2.5%) 
(Rosenberger et a l ., 1974) and from 1,511 ducks and geese
in Maryland (0.9%) (Nettles et a l ., 1985),
There are no previous pr e v a l e n c e  es t i m a t e s  for AIV in 
blue-winged teal and mottled ducks sampled during late 
fall or winter. For gadwalls, AIV was isolated from 1 of 
65 (1.5%) birds in Maryland (Nettles et a l ,, 1985) and 0
of 51 birds in T e n nessee (Webster et a l ., 1976). In
Oklahoma, AIV was isolated from 1 of 126 (0.7%) 
green-winged teal sampled from November through May (Kocan 
et a l , 1980). In Japan, AIV was isolated from 1 of 29
(6.0%) gre e n - w i n g e d  teal examined from Nove m b e r  through 
December (Kida and Yanagawa, 1979).
In Louisiana, prevalence of AIV in ducks sampled in
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November was highest in blue-winged teal during both 
years. Prevalence estimates during November, 1986 (4.7%) 
and 1987 (3.5%) were similar to preval e n c e  observed in 
September. These results are inconsistent with reported 
seasonal declines in prevalence of AIV and cannot be 
explained at this time. They may relate to a 
d i s p r o p o r t i o n a t e  number of suscept ibles in this population  
resulting from early mig r a t i o n  and dec r e a s e d  contact with 
infected birds during n o r m a 1 stagi ng pe r i od s in Can a d a  and 
the northern United States. The immunological status of 
these wintering populations, however, is unknown.
Isolation of two AIVs from mottled ducks represents a 
new host record. As mottled ducks are year-round 
residents of the Gulf coast marshes these isolations 
indicate that transmission of AIV is occurring locally in 
these wintering areas.
Dec e m b e r / J a n u a r y  AIV isolations were restricted to a 
single isolation from a gre e n - w i n g e d  teal collected during 
January, 1988. Sample sizes for other species during this 
period, however, were not adequate to reliably detect AIV 
at a prevalence less than 2% (Steel and Torrie, 1980).
This single isolate suggests the continual circ u l a t i o n  of 
these AIV within these wintering waterfowl populations.
Subtype diversity:
Subtype diversity observed in four species of ducks in
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Louisiana was similar to results reported from other 
studies (Boudreault et a l ., 1980; H i n shaw et a l ., 1980;
O t tis and Bachmann, 1983; Deibel et a l ., 1985), with most
AIVs (71X) included in the HI, H 3 , H 4 , and H6 subtypes.
The amount of variation in these 28 isolates, however, was 
extensive with all recognized HA subtypes recovered except 
H5, H7, H9 and H13. With the exc e p t i o n  of work in 
Alberta, where 11 of 13 subtypes were identified from 
2,599 AIVs from ducks (Kawaoka et al., 1988), more subtype 
div e r s i t y  was present in this popula t i o n  than any other 
duck populations reported to date.
Of the four HA subtypes not recovered in this study,
115 and H7 subtypes are uncommon in ducks (Hinshaw et al . 
1985; Deibel et a l ., 1985), and H9 and H13 subtypes are
gen e r a l l y  associ a t e d  with species in the order 
C h a r a d r i i f o r m e s  (Kawaoka et a l , 1988). There is no
specific e x p l a n a t i o n  for the observed HA subtype d i v ersity  
in this study. Increased subtype diversity may relate to 
both the abundance and div e r s i t y  of avian species 
utilizing this winter habitat. If so, these and similar 
winter habitats may represent areas of potential exchange 
of AIVs between previously u n a s s ociated species and 
populations. This possibility is supported by the 
docume n t e d  transmission of AIV among mottled ducks 
utilizing these habitats.
Similar results are apparent with respect the NA
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subtypes, where all 9 recognized subtypes were isolated. 
Common NA subtypes reported from other studies, including 
the N 2 , N6 and N 8 , represented most (71%) of the Louisiana 
isolates (Boudreault et a l ., 1980; H i nshaw et a l ., 1980;
Ottis and Bachmann, 1983; Deibel et al., 1985; H i n shaw et 
a 1 , , 1985). Subt ypes not common 1 y found in waterfow 1
which were isolated in this study included N 4 , N5, and N 7 .
Only three subtype com b i n a t i o n s  were detected during 
both years including H4N6, H 1 N 1 , and H11N9. The H4N6 and 
H1N1 are common isolates from ducks. The H4N6 was first 
isolated from domestic duc k s  in 1956 (Roberts, 1964), and 
was present in wild duck populations in A l berta every year 
from 1976 to 1983 (Hinshaw et a l .,1980; H i n shaw et al., 
1985), The H1N1 subtype was present in A l berta ducks 
during all years but 1982. A 1 though isolations were not 
consistent be tween years, all of the HA and NA 
combinations reported in this study have been previously  
isolated from Alberta ducks (Hinshaw et al., 1985). It is 
not known why these specific subtype c o m b i n a t i o n s  persist 
in free-living waterfowl populations.
P athog e n i c i t y  tests;
Virulence of AIVs in domestic poultry is dependent on 
the ability of the HA to be p r o t e o 1y t i c a 11y cleaved (Klenk 
et a l ., 1977). Virions with u n cleaved HA are
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n o n - i n f e c t i v e  unless treated in vitro with a trypsin-like  
protease {Klenk et a l ., 1975).
Senne et a l . {1986) recently reported a corre l a t i o n
between the ability to form plaques in cultures of chicken  
embryo fibroblasts (CEF) without trypsin and virus 
p athoge n i c i t y  as determined by the intravenous 
p a t h o g e n i c i t y  index (I V P I ). Of 15 non-pathogenic AIVs, 
only 4 e f f i c i e n t l y  formed plaques without trypsin. For 18 
pathogenic AIVs (killing 1-5 chickens in IVPI) and 18 
highly pathogenic viruses (killing 6-8 chickens in I V P I ), 
all but one highly pathogenic virus produced plaques 
without trypsin.
Brugh (1986), assessed the p a thogenicity of field and 
chicken pass a g e d  A / c h i c k e n / A 1a b a m a / 75 (H4N8) and
A / c h i c k e n / P e n n s y l v a n i a / 10210/86 (H5N2), and reported a 
c o r r e l a t i o n  between pa t h o g e n i c i t y  as d e t e rmined by plaque 
assay in CEF without, trypsin and the IVPI. Non-pa thogen i c 
isolates d e m o n s t r a t e d  a plaque forming effici e n c y  of less 
than 1%.
Similar results are reported for five AIVs tested in 
MDCK cell cultures (Alexander, 1981). Five viruses with 
IVPIs ranging from 0 to 3.0, dem o n s t r a t e d  a plaque 
efficiency without trypsin ranging from 0.06% to 86.8%, 
confirming a corre l a t i o n  between the two assays.
Results from this study indicate that 18 of the 28 
isolates would be classified as non-p a t h o g e n i c  in poultry
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based on a plaque efficiency (without trypsin) of IX or 
less. Five viruses are in the 1.2% to 14.4% range. Five 
AIVs w hich exceed 6 6 . 6X include the subtypes H4N6, H11N9, 
H3N8, and H 6 N 8 . These subtypes are not generally 
consid e r e d  as p o t entially pathog e n i c  in poultry 
(Alexander, 1986b) but d e v i a t i o n s  occur such as an H4N8 
subtype which was responsible for exc e s s i v e  field 
mortality in chickens in A l a bama (Johnson and Maxfield, 
1975). These results may indicate the potential for 
p a t h o g e n i c i t y  in poultry, but as with p i a q ue-forming 
avirulent viruses observed by Senne et a l . (1986), the
signif icance of these findings is not clear.
AIV persistence in waterfowl populations:
Results of this study d e m o n s t r a t e  three important 
factors which support the premise that AIVs o v e r w i n t e r  and 
persist within wild duck populations. First, although 
prevalence varied, AIV was isolated from ducks during all 
sample periods up to January 9 when sampling ended. 
Secondly, AIV transmission on the wi n t e r i n g  area was 
d o c u m e n t e d  through isolations from resident mottled ducks. 
Finally, all common waterfowl HA and NA subtypes were 
recovered from these w i ntering waterfowl. These results, 
although supportive of a m e c h a n i s m  of AIV p e rsistence 
within waterfowl populations, do not negate other possible 
m e c h anisms such as environmental p e r s i s t e n c e  and
8 8
interaction with other known host groups such as the 
Charadri i f o r m e s .
Poultry disease risks associ a t e d  with w i n t e r i n g  waterfowl:
Prevalence of AIV in Louisiana waterfowl from 
September to January ranged from 3 . 3X to 0.4X. All 
studies of wintering waterfowl, to date, have reported 
similar results with prevalence rarely exceeding 2% 
(Slemons et a l ., 1974; R o s e n b e r g e r  et a l ., 1974; Webster
et a l ., 1976; H i n s h a w  et al.,1980; Kocan et a l ., 1980;
Nettles et a l ., 1980).
This low prevalence is even more apparent w i t h  regard 
to specific AIV subtypes, such as the H5 and H7, which are 
associated with h i g h 1y - v i r u 1ent disease in domestic fowl. 
Neither the H5 nor N7 subtypes were observed in this 
study. Of the 3,109 AIVs reported from ducks by Boudreault 
et a l . (1980), Ott i s  and Bachmann (1983), Deibel et a l .
(1985), Hinshaw et al. (1985) and Kawaoka et a l . (1988),
H5 and H7 subtypes represented 0.25X and 0.61X of all 
isolates, respectively. With a 2X prevalence, H5 and H7 
AIVs combined would be expected in 17 of every 100,000 
wild d u c k s .
Considering the low prevalence of AIV in these 
migrating and wintering waterfowl populations, direct 
risks to p o u 1 try producers using conf i nement management 
are minimal. Direct t r a n s mission of AIV from waterfowl to
poultry should be considered only in areas of range 
manage m e n t  or with backyard flocks where close contact 
b e tween ducks and poultry occurs. Indirect transmission  
can and should be eliminated by a p p l i c a t i o n  of routine 
biosecuri ty tneasu re s .
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FIGURE 3.1 Waterfowl population estimates for gadwall (GAD),
green-winged teal (GWT), blue-winged teal (BVfT) and 
■ottled ducks (HOT) in the weBtern coastal zone, 
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TABLE 3.1 Avian Influenza virus isolation results for clo&cal and 
tracheal swabs collected fros free-living ducks, Caseron 













B3 9/20/86 3/16/87 1 1/4 0
B156 9/27/86 4/20/87 1 1/3 66X
B159 9/27/86 4/20/87 2 1/3 66X
B174 11/15/86 6/8/87 2 4/4 75X
B182 11/15/86 6/8/87 1 4/4 75X
B186 11/22/86 5/18/87 2 4/4 0
B228 11/29/86 5/11/87 1 4/4 100X
3B 9/19/87 9/28/87 1 1/2 SOX
32B 9/19/87 10/5/87 1 1/3 33X
42B 9/19/87 10/5/87 2 3/3 100X
44B 9/19/87 10/12/87 2 3/3 100X
69B 9/19/87 10/19/87 1 1/3 33X
105B 9/19/87 10/26/87 1 4/4 100X
166B 9/19/87 11/23/87 1 1/4 25X
188B 9/22/87 11/23/87 1 1/4 25X
212B 9/--/87 11/30/87 1 4/4 0
240B 9/21/87 12/7/87 1 3/4 100X
8GW 11/14/87 1/4/88 1 3/4 25X
9GW 11/14/87 1/4/88 1 1/2 100%
17G 11/14/87 2/15/88 1 3/3 100X
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TABLE 3.1 cont.
66G 11/21/87 1/25/88 1 1/4 0
360B 11/14/87 3/29/88 1 4/4 75X
361B 11/7/87 3/29/88 1 4/4 50X
32M 11/8/87 3/29/88 1 1/4 25X
38M 11/15/87 3/28/88 1 3/3 33X
213GW 11/11/87 4/4/88 1 1/4 25X
272GW 11/8/87 5/3/88 1 2/4 0
169GW 1/9/88 6/6/88 1 1/4 50X
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TABLE 3.2 Prevalence of avian influenza virus in early-aigrant


















tNuaber positive/Nusber saapled (% positive)
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TABLE 3.3 Prevalence of avian influenza virus in aigratory and






























0/102 (0 ) 


























TOTAL 9/362 (2.5*) 3/268 (1.1%) 14/698 (2.OX)
1 Number posit i ve/Number Baa pled (X pos i t i ve)
2Age not determined
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TABLE 3.4 Preval ence of avian influenza virus in aigratory and 
resident ducks, Caaeron Parish, Louisiana, 
Deceaber/January, 1986 and 1987.
SpecieB Year Juven ile Adul t Total
Blue-Winged 1986 0/5 (0)1 0/19 (0) 0/24 {0)
Teal 1987 0/15 (0) 0/5 (0) 0/20 (0)
Total 0/20 (0) 0/24 (0) 0/44 (0)
Gadwal1 1986 0/3 (0) 0/18 (0) 0/21 (0)
1987 0/60 (0) 0/28 (0) 0/88 (0)
Total 0/63 (0) 0/46 (0) 0/109 (0)
Green-Winged
Teal
1987 1/62 (1.6X) 0/50 (0) 1/112 (0.
Mottled Duck 1987 -/- -/- 0/7 (0)
TOTAL 1/145 (0.7X) 0/120 (0) 1/272 (0.:
1Nuaber positive/Nuaber saapled (X positive)
96
TABLE 3.5 Distribution of avian influenza virus subtypes by species.
Spec ies Month/Year Subtypes I solatect





H1N1, H4N6(2 ), H8N4
H2N3, H3N8, H4N6{5), H4N8{2),
H12N5
H3/4N6, H6N8
Gadwal1 Nov./1987 H3N8, H6N2
Green-winged Teal Nov./1987 H1N1, H10N2, H10N7, H11N9
Jan./1988 H11N9
Mottled duck Nov. 1987 H6N2(2)
(11 (#)=nusber of AIV isolates
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FIGURE 3.2 Frequency of HA subtypeB in 27 avian influenza viruses 
isolated froa waterfowl f roa Caaeron Parish,
Louisiana, 1986 and 1987.




FIGURE 3.3 Frequency of NA subtypes in 28 avian influenza viruses 
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TABLE 3.6 Plaque-foraing ability of influenza virus isolates in
Madin Darby canine kidney cells with and without trypsin.
PFU/«1 AAF PFU/«1 AAF Plaque efficiency 
Virus Subtype With TrypBin W/0 Trypsin W/0 Trypsin1
B3 H11N9 4.OxlO7 0 0
B156 H4N6 4.2xl07 0 0
B159 H4N6 2.6x10* 2.4x10* 92. 3X
B174 H8N4 5.3xl07 9.OxlO4 0.2X
B182 H4N6 1.4xl07 7.5xl04 0. 5X
B186 H4N6 2 .8 x 10b 2.3x10® 82. IX
B228 H1N1 9.7x10s 7.5x104 7.6X
3B H4N8 1.lxlO7 0 0
32B H3N8 3.lxlO7 0 0
42B H2N3 2.lxlO6 3.0x10s 14. 4X
44B H4N6 9.9x10® 2.6x104 0.3X
69B H4N8 1.6x10® 1.2x10s 7. 5X
105B H4N6 9.OxlO4 0 0
166B H4N6 6.5x10s 1.2xl03 0.2X
188B H12N5 5.5x10® 2 .3xl04 0. 4X
212B H4N6 7.OxlO4 3.5x10z 0. 2X
2 4 OB H4N6 1.4xl07 9.5x104 0.7X
8GW H11N9 3.2x107 1.9x10s 0.6X
9GW H11N9 3.1x10s 3.5x10® 111.9X
17G H6N2 1.7x10s 2.lxlO3 1.2X
100
TABLE 3.6 cont.
66G H3N8 2.lxlO7 5.8xl07 256.2X
360B H3/4N6 3.2xl07 1.9x10s 0.6X
361B H6N8 3.OxlO9 2.OxlO9 66. 6X
32M H6N2 l.OxlO7 1.4x10s 1.4X
38M H6N2 1.5x10* 1.4x10* 0.9X
213GW H1N1 3.OxlO6 6.5xl04 0.2X
272GW H10N2 1.3x10* 0 0
169GH H10N7 4.0x10* 4.OxlO3 0. 3X
’(PFU/b I without trypsin / PFU/»1 with trypsin) * 100




ABST R A C T
Persistence of five AIVs derived from four species of 
Louisiana ducks and representing five h e m a g g l u t i n i n  and 
neuram i n i d a s e  subtypes was determined in dis t i l l e d  water 
at 17 C and 28 C. Infectivity was determined over 60 days 
using microt i t e r  endpoint titration. One AIV was tested 
over 91 days at 4 C.
L i near reg ress i on mode Is for these viruses 
dem o n s t r a t e d  that infectivity for an initial co n c e n t r a t i o n  
of 1 x 106T C I D 50/ml water could be detected up to 207 days at 
17 C and for up to 102 days at 28 C. Significant 
d i f f erenees in slopes for spec i f i c AIV m o d e 1s we re 
detected at both treatment temperatures.
Results suggest that these viruses are adapted to 
transmission on southern waterfowl wintering habitats. 
Results also indicate the potential risk associ a t e d  with 
waterfowl and domestic poultry sharing a common water 
s o u r c e .
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INTRODUCTION
Although the t r a n s mission of avian influenza virus 
(AIV) within wild waterfowl populations is thought to 
occur through the fecal-oral route via water c o n t a minated  
with virus (Hinshaw et a l ., 1979b; Sandu and Hinshaw,
1981; Sinnecker et al., 1983), little is known about viral 
p e r s i s t e n c e  in this medium. R e plication of AIV in ducks 
occurs primarily in the intestinal tract (Slemons and 
Easterday, 1977) with high conce n t r a t i o n s  of infectious 
virus shed in feces (Hinshaw and Webster, 1982). Webster  
et a l . (1978) reported that exper i m e n t a l l y  infected
muscovey ducks (Cairina m o s c h a t a ) shed 6.4 g of fecal 
material per hour with an infectivity of lxlO7'8 SOX egg 
infective doses (EIDS0)/g. It was estimated that these 
birds shed l x l 0 10E I D so of AIV wi t h i n  a 24 hr period.
Avian influenza virus has been isolated from 
unconc e n t r a t e d  surface water in Can a d a  (Hinshaw et al., 
1980) and Minnesota (Halvorson et a l ., 1982), but virus
has not been isolated from lake water in the absence of 
ducks (Hinshaw, 1986a). Information pertaining to 
p e rsistence of AIV in water is limited to a single trial 
by W e b ster et al. (1978) in which duck feces, naturally 
infected with A / d u c k / M e m p h i s / 546/74 (H3N6), were tested in
Mississippi River water. The initial c o n c e n t r a t i o n  of 
1x 10 8' 8EI D 50/ml was reduced to 1x 104 ‘ 3EID50/ml after 32 days
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at 4 C and was und e t e c t a b l e  after 4 days at 22 C.
Persistence of AIV in water is pertinent to an 
u n d e r s t a n d i n g  of viral m a i n t e n a n c e  in the natural 
reservoir and in the p r e v e n t i o n  of poultry disease. 
Although it has been suggested that AIVs may o v e r w i n t e r  in 
frozen lake water, the actual mechanisms for persi s t e n c e  
of AIV in wild duck populations has not been defined 
(Hinshaw and Webster, 1982). From the standpoint of 
poultry disease, c o n t a minated surface and ground water 
both have been suggested as long- and short- t e r m  sources 
of AIV for domestic turkeys (Halvorson et a l ., 1985).
Obj ec t ives of this study w e r e :
1) To quantify the p e r sistence of waterfowl isolates 
of AIV in water and;
2) To determine the effects of water temperatVre and 
viral strain on AIV persistence,
MA T E R I A L S  AND M E THODS 
Avi a n  influenza viruses:
Five AIVs that wert isolated from h u n t e r - k i 11ed ducks 
from C a m e r O n  Parish, Louisiana were used in this study. 
These included A / g a d w a l 1 / L A / 17G / 87 (H3N8), A/blue- w i n g e d  
teal/LA/44B/87 (H4N6), A/ m o t t l e d  d u c k / L A / 3 8 M / 8 7 (H6N2),
A / b l u e - w i n g e d  t e a l / L A / 18 8 B / 8 7 (H12N5), and A / g r e e n - w i n g e d
t e a l / L A / 169GW/88 (H10N7). As much variation as possible 
was incorporated into the selection of test viruses, which
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represent four host species, 5 h e m a g g l u t i n i n  (HA) subtypes 
(H3, H 4 , H 6 , H10, H12), and 5 n e u r a m i n i d a s e  (N A ) subtypes 
( N2 , N 5 , N 6 , N 7 , N 8 ).
The isolates were propag a t e d  via allantoic inoculation 
in 9-day old specific pathogen free (SPF) c h icken eggs.
Aranio-a 11 antoic fluid (AAF) was h a r vested after 72 hr 
after inoculation and was frozen at -70 C until needed.
All viral assays were performed on the third egg passage.
Experi mental p r o c e d u r e s :
Infective AAF was thawed, diluted 1:50 in sterile 
di s t i l l e d  water (pH 7.3), and 1.5 ml aliquots were 
t r ansferred into sealed 2.5 ml glass vials. Vials 
contai n i n g  each vi rus were evenly divided and placed in 
environmental chambers at 17 C and 28 C until testing. 
These selected temperatures represent the mean winter and 
summer w a ter temperatures ,respect i v e l y , for coastal 
Lou i s i a n a  marsh habitats (McNeese and Joanen, 1974). A 
single virus, A / g r e e n - w i n g e d  tea 1/ L A / 169GW/8 8 (H10N7), was
also tested at 4 C.
Aliquots of infected water were sampled over a 60 day 
period with a m i n i m u m  of 16 assays per v i r u s / t e m p e r a t u r e  
treatment. The single 4 C trial was performed over a 91 
day pe r i od with 8 assays.
Infectivity of AIV was estimated using an endpoint 
titration, as subsequently described, and is exp r e s s e d  in
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units (log10) of median tissue culture infective doses 
(TCIDS0)/ml of water. Primary cultures of chicken embryo 
fibroblasts (CEF) were used in these assays. All 
proced u r e s  were performed under a Class II laminar-flow 
bi o security cabi ne t .
The identity of AIVs in all v i r u s / t e m p e r a t u r e 
treatments was verified on days 27 and 47. Tissue culture 
media from wells e x h i biting cytopathic effect on endpoint 
titrations were tested by agar gel d i f f u s i o n  (AGD) for the 
presence of type-A specific n u c l e o p r o t e i n  as d e s c r i b e d  in 
Chapter 3. In addition, material from test plates was 
harvested and further pas saged in 9-day old SPF eggs. 
A m n i o - a l l a n t o i c  fluid from these eggs was used in 
h e m a g g l u t i n a t i o n  inhibition (HI) and
n e u r a m i n i d a s e - inhibition (NI) tests to verify subtype.
The HI and NI tests were per f o r m e d  by National Veterinary 
Services Laboratory (NVSL), Veterinary Services, APHIS,
US DA , Atne s , Iowa.
To determine if the presence of AAF prolonged viral 
p e r sistence in this test procedure, AAF infected with 
A / b l u e - w i n g e d  teal/LA/8 7 (H4N6) was diluted in sterile
water (undiluted, 1:5, 1:50) and stored at 28 C. Virus
titers for these dil u t i o n s  were determ i n e d  on days 3 and 
12 .
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P r e p a r a t i o n  of c h icken eibryo fibroblasts:
Primary cultures of CEF were prepared as des c r i b e d  by 
Freshney (1983). Eleven-day old SPF chicken embryos were 
a s e pti cally removed from eggs and place in a Bterile glass 
petri diBh containing approxi m a t e l y  8 ml of H a n k ’s 
balanced salt solution (HBSS), Head, feet, wings and 
v i scera were removed and remaining tissue was transferred 
to a second petri dish with 10 ml HBSS. Tissue was cut 
into pieces not exceeding 3 mm on a side and was 
transferred to a 50 ml flask with 0.25% trypsin. The 
flask was incubated at 37 C and contents were stirred at 
me d i u m  speed with a magnetic bar.
After 10 min of tissue disassociation, the flask was 
p 1aced in the hood at 25 C and tilted for 2 min to allow 
larger pieces of tissue to settle. Five to 8 ml of fluid, 
with suspended cells, were removed and placed into a 12 ml 
plastic centrifuge tube with 5 ml of tissue culture media 
consisting of E a g 1e ’s minimal essential media (MEM ) , 
supplemented with 10% fetal calf s e r u m , antibiotics (100 u 
p e n i c i l l i n  G and 100 ug streptomycin sulfate/ml), and 25 
mM HEPES buffer. T r ypsin which was removed from the 
d i s a s s o c i a t i o n  flask was replaced, and the procedure was 
repeated for two additional 10 min periods.
Final cell suspensions were prepared in serum-free 
MEM, supplemented with a n t i b i o t i c s  and HEPES as previously 
described. Cell suspensions were centrifuged at 1,500 xg
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for 10 min and supernatant fluid was removed. Cells were 
washed to remove residual serum by reBUspending the pellet 
in serum-free MEM and c e n t r i f u g i n g  at 1,500 xg for 10 min. 
This supernatant was discarded and cells were suspended in 
serum-free MEM. All cell suspensions were pooled. Cells 
were counted using a h e m a c y t o m e t e r  with a 0.045% solution 
(in HBSS) of trypan blue, and cell c o ncentration was 
adjusted to 3 x 106C E F / m l .
Endpoint titration procedure:
A 0.5 ml sample of AIV infected water was diluted 1:2 
by addition of 0.5 ml 2x serum-free MEM. From this point 
serial 10-fold dilutions were prepared (1:20, 1:200 ...)
in serum-free M E M .
Each well of a 96-well tissue culture treated 
m i c r o t i t e r  plate received 100 ul of cell suspension. Two 
titrations were performed on each plate w i t h  all rows of 
columns 2-6 and 8-12, respectively, receiving 50 ul of the 
a ppropriate virus dilution. Columns 1 and 7 were negative 
controls and received 50 ul of MEM. All wells were 
s upple mented with 50 ul of MEM containing 2.8 ug/ml of 
highly purified trypsin (final c o n c e n t r a t i o n  per well of 
0 . 7 ug/ml ) .
Plates were covered and incubated at 37 C under 5% C 0 2 
for 96 hr. Examination for cytopathic effect was 
performed with light, microscopy. To verify results,
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culture plates were stained with 100 ul of 10X buffered 
formalin containing 1% crystal violet. Stain was removed 
after 2 hr and plates were examined. Endpoints were 
recorded as 100X mo n o l a y e r  d e s t r u c t i o n  w i t h  T C I D S0 
calculated as des c r i b e d  by Reed and Muench (1938 >.
Statistical analys i s :
All data was lo g 10 t r ansformed and was analyzed using 
linear regression analysis. Djffe rentes in s 1ope be tween 
linear models were eva l u a t e d  using a test for 
heterog e n e i t y  of slope. Qua d r a t i c  models were also 
calcul a t e d  from the data. All analysis was performed 
using SAS General Linear Models Procedure (GLM) (S A S ,
1987 >.
RESULTS
At 17 C, infectivity was detected throughout the 60 
day sample period. At 28 C, infectivity for three of five 
AIVs reached an und e t e c t a b l e  level by day 60. Identities 
of all AIVs used in these trials were verified through 
isolation in embry o n a t e d  eggs and AGD, w i t h  subtypes 
confirmed through HI and NI tests at the NVSL.
Results from AAF dilu t i o n  trials indicated an inverse 
relationship between virus titer and c o n c e n t r a t i o n  of 
AAF. This indicated that AAF compon e n t s  did not serve to 
increase persistence. On day 3, the original AIV titer of
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lxl 06-8TCI D50/ml was reduced to 1x10s ®, lxl 0517, and 1 x 1 0s ,6 
T C I D 50/ml for undiluted, 1:5 and 1:50 treatments, 
respectively. O n  day 12, no infectivity was d e t e c t e d  in 
und i l u t e d  AAF, and titers of lxlO4*8 and lxlO5*5 T C I D 50 were 
recorded for the 1:5 and 1:50 dilutions, respect i v e l y . 
Linear regression models and estimates of half-life for 
the five AIVs tested at 17 C and 28 C are pre s e n t e d  in 
Table 4.1 and Figures 4.1-4.5. All models and all 
parame t e r s  (y-intercept and slope) were significant  
(P<0.05). C o e f f i c i e n t s  of d e t e r m i n a t i o n  ( R1) values for 
these linear models ranged from 0.66 to 0.97.
Significant d i f f e r e n c e s  in slope were detected among 
t emperature treatments for all AIVs (Table 4,1). 
Diffe r e n c e s  in slope were also apparent among test AIVs at 
both 17 C ( P= 0 . 04 5 ) and 28 C (FC0.0001).
The R? value for the linear model for A / g r e e n - w i n g e d  
t e a l / L A / 169GW/88 (H10N7) at 4 C was 0.152 (Table 4.1 and 
Figure 4.6). The slope was not different from zero 
(P = 0 . 338) .
For comparison, estimated p e rsistence times for 
lxl06T C I D 50 of each AIV at 17 C and 28 C are given in Table 
4.2. P e r s i s t e n c e  estimates vary from 126 to 207 days at 
17 C and from 30 to 102 days at 28 C. C o n s i d e r a b l e  
variation was apparent in the extent of the temperature  
effect among AIVs, Persi s t e n c e  of virus strains at 28 C 
compared to 17 C was reduced from 30X to 76%. At 4 C, it
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is estimated that 1x 106T C 1 D so of A / g r e e n - w i n g e d
t e a l / L A / 169GW/88 (H10N7) would persist for 1,333 days.
Residual plots were examined for all models, and for 
several v i r u s /temperature treatments suggested that a 
c u rvilinear model might better fit these data. Q u adratic  
models, therefore, were fit to data for all 
v i r u s / t e m p e r a t u r e  treatments (Table 4.3). Quadratic 
models w h ich improved R1 values observed in linear models 
and in w h ich all p a r a meters we re significant ( P< 0 . 05 ) 
included A / b l u e - w i n g e d  teal/LA/44B/87 (H4N6) at 17 C,
A/m o t t l e d  d u c k / L A / 3 8 M / 8 7 (H6N2) at 17 C, A / b l u e - w i n g e d  
t e a l / L A / 18 8 B / 8 7 (H12N5) at 17 C, and A / g r e e n - w i n g e d
t e a l / L A / 16 9GW/88 at 28 0 and 4 C (Figures 4.7-4.11).
DISCUSSION
Although quadratic models provided a good fit to 
log-transformed data for several virus
t empe ra tu re / 1. reatmen t combinations, log-linear models 
adequately explained results in all cases. Coe f f i c i e n t s  
of variation for all log-linear models were high and 
indicate that individual models explain from 66% to 97% of 
observed variation in data. All parameters in the models  
were significant and unlike quadratic models, the 
log-linear models can be used to realistically predict 
persistence of AIV under test conditions.
Quadratic models for these data indicate an
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u n e x p l a i n e d  curvi l i n e a r  effect for several 
v i r u s / t e m p e r a t u r e  treatment c o m b i nations (Figures 
4.7-4.11), with Blope d e c r easing with time. This "tailing 
effect" is commonly observed in virus survival curves 
e s p e c i a l l y  at c o n c e n t r a t i o n s  below 105 and 106 infectious 
particles (Hiatt, 1964). Changes in slope may result from 
physical factors such as a d s o r p t i o n  of virus to the wall 
of the test vessel, particle aggregations within test 
medium, or entrapment of virus particles in aerosol 
d rople ts above the liquid surface. He t e r o g e n e i t y  within 
the test virus popula t i o n  is also possible (Hiatt, 1964), 
and may be relevant to this study as no effort was made to 
clone field AIVs. If this curvi l i n e a r  effect relates to 
heterog e n e i t y  rather than experimental protocol, linear 
models may provide a cons e r v a t i v e  estimate of viral 
p e r sis tence wi t h i n  this test system.
A lthough data indicate long-term persistence, the 
log-linear model for A / g r e e n - w i n g e d  t e a 1/ L A / 169GW/88 
(H10N7) at 4 C was not significant. This failure to fit a 
1 inear m o d e 1 to these data p r o b a b 1y resulted from a 
relatively small sample size (n = 8) coupled with a slight 
change in infectivity (slope) over the 91-day test period.
Significant d i f f e r e n c e s  in slope were detected between 
AIVs tested at 17 C and 28 C. Variations in temperature  
tolerance have been reported for different AIVs isolated 
f rom domes t i c p o u 1 try (Lang et a 1 . , 1968). It could not
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be determined if d i f ferences observed in this study were 
dependent on strain or subtype. Variation, if related to 
subtype, may have appli c a t i o n  to persistence of specific 
AIV subtype c o m b i nations within wild waterfowl 
p o p u 1 at i o n s .
Persistence estimates for test AIVs at both 
temperature treatments exceed the duration reported for 
A / d u c k / M e m p h i s /564/74 by W e bster et a l . (1976).
Infectivity for 1x 108‘ *TCID50/ml of this virus at 22 C in 
Mississippi River water, was undetectable after 4 days. 
This difference may relate to experimental procedure or 
may reflect actual variation between AIV strains.
Persistence trials for A / d u c k / M e m p h i s / 546/74 involved 
virus propagated in the intestines of e x p e r imentally  
infected ducks rather than infective AAF. During 
persistence trials reported by W e bster et al (1976), fecal 
material was present in water and may have created 
conditions unfavorable to persistence of virus. In 
addition, AIVs examined in the present study were 
originally isolated from ducks in relatively warm water 
habitats. These test viruses may have been naturally 
selected for thermal tolerance prior to isolation.
Differences in persistence results from those reported 
by Webster et a l , (1976) may also relate to inherent
variation among AIV strains. This possibility is 
supported by results that indicate that AIVs differ
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signifi c a n t l y  in their ability to persist in w a ter at both 
17 C and 28 C.
Results are compatible with o b s e r v a t i o n s  of prolonged 
p e rsistence of the H5N2 viruses that were responsible for 
the 1983-84 AIV epornitic in Pennsylvania. Environmental 
sampling of premises from which infected poultry had been 
depopulated, confirmed p e rsistence to 105 days in a liquid 
manure pit (Fichtner, 1984).
Prolonged p e rsistence in w a ter at t e m p e ratures  
reflecting field condit i o n s  provides support for several 
proposed mechan i s m s  for m a intenance of vi rus wi t h i n 
waterfowl popul a t i o n s  and their habitats. Results for 
A/g reen-w i nged t e a l / L A / 169GW/88 (1110N7) at 4 C suggest 
that these viruses can overwi n t e r  in frozen or cold lake 
water in northern waterfowl habitats. Virus, therefore, 
may be locally available to ducks returning to breeding 
areas during spring.
Results also support a maint e n a n c e  cycle involving 
transmission within duck p o pulations on the wintering  
grounds. A l t h o u g h  susceptibility of flocks and prevalence 
of AIV are low during the o v e rwintering period following 
m ig r a t i o n  (Hinshaw, 1986a), high p o p u lation d e nsity among 
wintering ducks may provide sufficient numbers of 
susceptible individuals for maintenance of virus. This is 
supported by isolation of AIV during winter {Slemons and 
Easterday, 1975; Kocan et a l ., 1980) and by isolations of
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AIV f rom adu 11 bi rda ( H i nshaw et al, 1980; De i be 1 e t. al . , 
1985). The a v a i l ability and subsequent t r a n s mission of 
AIV to s u s ceptible birds during the ov e r w i n t e r i n g  period 
would be increased by: infected birds shedding large
quantities of infectious virus (Webster et a l ., 1978),
shedding virus for extended periods of up to 30 days 
(Hinshaw, 1986a); and p e r s i s t e n c e  of virus in the 
env i ronment for over 200 d a y s .
Decreased p e rsistence at warmer water temperatures, 
which was o b s e r v e d  with the 28 C treatment in this study, 
may also indirectly enhance wi n t e r  survival of viruses. 
High temperatures may limit t r a n s mission among resident 
species on the win t e r i n g  ground during summer. This would 
increase the p r o p o r t i o n  of s u s ceptible birds in the 
population when condit i o n s  for transmission became 
favorable during the succeeding winter.
Persistence in the e n v ironment during the 
overwin t e r i n g  period may also provide a means for 
transmission of AIV between u n a s s o c i a t e d  avian species and 
populations using proximal habitats. Recent w o r k  by 
Kawaoka et a l . (1988) on AIV in C h a r a d r i i f o r m e s  suggests
that these v i ruses may be m a i n t a i n e d  in separate cycles in 
different avian orders.
The p o ssibility of long-term t r a n smission between 
unassociated populations has direct a p p l i c a t i o n  to 
prevention of disease in commercial poultry. Results from
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this study and published reports IHinshaw et a l ., 1976b;
Sandu and Hinshaw, 1981; Sin n e c k e r  et a l ., 1983; H a lvorson
et a l ., 1985) c o n firm that domestic poultry should not be
allowed to share a common water source with free-living 
ducks.
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TABLE 4.1 Linear regression models for persistence of five avian 
influenza viruses in water.
Virus Teap(C) Linear Reg. Half-life
Model1 (days)
A/gad wal 1/LA/17G/87 17 y=5.11-0.031x 9.71








28 y=4.72-0.075x <3» 4.01
17 y=4.55-0.028x 8.85
28 y=4.78-0.065x (4> 4.89
17 y=4 54-0.048x 6.27





28 y=5.32-0.59x (6) 5.10
4 y=4.84-0.004x
1 y= log10TCID50 x=persistence in days
Differences in elope between Models for 28 C and 17 C detected at:
2 P<0.0001; 3P<0. 0001; 4P=0.0002; 5/*.0152; */\0.0001
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FIGURE 4.1 Log-linear aodels for persistence of A/gadwall/LA/17G/87
(H3N8) in water at 17 C and 28 C.





















FIGURE 4.2 Log-linear Models for persistence of A/blue-winged
teal/LA/44B/87 (H4N6) in water at 17 C and 28 C.
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FIGURE 4.3 Log-linear Models for persistence of A/pottled
duck/LA/38M/87 (H6N2) in water at 17 C and 28 C.
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FIGURE 4.4 Log-linear Models for persistence of A/blue-winged
teal/LA/188B/B7 (H12N5) in water at 17 C and 28 C.














FIGURE 4. 5 Log-linear Models for persistence of A/green-winged
teal/LA/169GW/87 (H10N7) in water at 17 C and 28 C.














FIGURE 4.6 Log-linear »odel for persistence of A/green-winged
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TABLE 4.2 Estimated persistence in days for of five avian 
influenza viruses in water at 17 C and 28 C.
Virus 17 C 28 C X Reduction2
A/gadwal1/LA/l7G/87(H3N8) 1941 66 66%
A/blue-winged teal/LA/44B/87(H4N6) 207 80 61%
A/»ottled duck/LA/38M/87(H6N2) 176 98 43%
A/blue-winged teal/LA/188B/87(H12N5) 126 30 76%
A/green-winged teal/LA/169GW/88(H10N7) 146 102 30%
‘Estimated duration of infectivity at initial dose of 1x 10rTC1D50/b 1 
water
2f100 - (Persistence in days at 28 C/Persistence in days at 17 C)] x 
100
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TABLE 4.3 Quadratic aodelB for persistence of five avian influenza 
viruses in water.
























in daysx = pers istence 
significant at P<0.05.
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FIGURE 4.7 Quadratic Model for perBiBtence of A/blue-winged 
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FIGURE 4.8 Quadratic aodel for persistence of A/aottled
duck/LA/38M/87 (H6N2) at 17 C.







FIGURE 4.9 Quadratic aodel for persistence of A/blue-winged
teal/LA/188B/87 (H12N5) at 17 C.
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FIGURE 4.10 Quadratic aodel for persistence of A/green-winged
teal/LA/169GW/88 (H10N7) at 28 C.







FIGURE 4.11 Quadratic aodel for persistence of A/green-winged
teal/LA/169GW/88 (H10N7) at 4 C.
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C H APTER 5. EFFECTS OF pH, T E M P E R A T U R E  AND SALINITY ON 
PERSISTENCE OF AVIAN INFLUENZA V I RUSES IN WATER.
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ABSTR A C T
En v ironmental consi d e r a t i o n s  in the e p i z o o t i o l o g y  of 
avian influenza virus (AIV) in wild avian popul a t i o n s  have 
been limited to d e l i n e a t i o n  of cont a m i n a t e d  surface water 
as the principal m e c h a n i s m  of AIV transmission. Altho u g h  
avian spec ies utilize a div e r s i t y  of aquat ic habitats, the 
potential effects on p e rsistence and tra n s m i s s i o n  of AIV 
attributable to physical and chemical c h a r a c t e r i s t i c s  of 
water have not been investigated.
The combined effects of water temperature, salinity 
and pH on pers i stence of AIV we re evaluated in a m o d e 1 
di stil led water system using three isolates from ducks in 
Cameron, Parish, Louisiana. Var i a b l e s  were tested within 
the ranges normally associated with surface water. 
D i fferences we re detected be tween temperature (17 C and 28 
C), pH (6.2, 7.2, 8.2) and salinity (0 ppt and 20 p p t ),
with a strong interactive effect observed between pH and 
salinity. Estimated duration of infectivity for 
1x 106T C I D 50 of A/mottled duck/L A / 3 8 M / 8 7  (H6N2 ) was longest 
at 17 C / 0 p p t / p H 8.2 (100 days) and shortest at
28 C / 2 0 p p t / p H 8 .2 (9 days). Differences in the response to
these variables we re apparent be tween viruses.
The ability of AIV to persist in surface water was 
al so evaluated using samples col l e c t e d  from varied 
waterfowl habitats in coastal Louisiana. Obse r v a t i o n s  
were consistent with the model system indicating that
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experimental data have a p p l i c a t i o n  to field conditions. 
INTRODUCTION
Under experimental conditions, avian influenza virus 
(AIV) can persist in distilled water for more than 100 
days at 28 C and 200 days at 17 C (Chapter 4).
Tra n s m i s s i o n  of AIV within wild avian p o pulations is 
thought to occur through a fecal-oral route via 
con t a m i n a t e d  surface water (Hinshaw et a l ., 1979b; Sandu
and H i nshaw 1981; Sinnecker et a l ., 1983). Information
relating to persistence of AIV in water has a direct 
a p p lication to an u n d erstanding of the e p i zootiology of 
these v i ruses in wild avian popu 1 at i oris and hence i n 
preventing poultry disease.
Free-living avian species utilize a great diversity of 
we tland and aquati c habi tats rang ing from fresh ini and 
w at e r  to open ocean. In A n s e r i f o r m e s , which are 
recognized as important reservoirs for AIV, diffe r e n c e s  in 
habitat u t ilization occur at both the tribe and species 
level (Bellrose, 1980). Habitat use also varies within 
species relative to season, geographic location, breeding 
and migratory status. Potential effects on AIV 
p ersistence and transmission, resulting from both physical 
and chemical differences in water associated with these 
diverse habitats has not been addressed.
Objec tives of this study we re:
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1) to test potential interactive effects of pH, 
temperature, and salinity on p e rsistence of AIV in water;
2) to evaluate individual effectB of pH and Balinity 
on persistence and;
3) to compare AIV p e rsistence in actual surface water 
samples with the distilled water model.
MAT E R I A L S  AND METHODS
Test AlVs and infectivity a s s a y s .
Avian influenza viruses used in these tests were 
isolated from hunter- k i l l e d  ducks from C a meron Pariah, 
Louisiana, and included A/mottled d u c k / L A / 3 8 M / 8 7 (H6N2), 
A / b l u e - w i n g e d  t e a l /L A / 4 4 B / 87 {H4N6> and A / g r e e n - w i n g e d  
t e a l / L A / 169GW/88 (H10N7). All viruses were propag a t e d  in 
9-day old embryonated specific pathogen free chicken eggs. 
Infective amnio allantoic fluid (AAF), representing the 
third egg passage for these AIVs, was harvested at 48 hr 
and frozen at -70 C until t e s t i n g .
Infectivity of AIVs in water samples was quantified 
using an endpoint titration as previously described, and 
the results were expressed in units (log10) of median 
tissue culture infective doses (TCID50)/ml water. Primary 
cultures of chicken embryo fibroblasts were used in the 
a s s a y s .
Interactive effects of p H / t e m p e r a t u r e / s a l i n i t y :
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Infective AAF for A/ m o t t l e d  d u c k / L A / 3 8 M / 8 7 (H6N2) was
thawed and diluted 1:50 in dis t i l l e d  w a ter that was 
p r e v iously adjusted to include all c o m b i n a t i o n s  of the 
following treatments. Three pH treatments (6.2, 7.2,
8,2), representing normal surface water values for the 
United States (C R C , 1973), were tested. Adjus t m e n t s  in
pH, in this and all subsequent experiments, were effected 
with a sterile 1 N solution of N a O H . In order to 
stabilize pH, 2 mM of HEPES buffer was included in all 
treatment solutions. Tre a t m e n t  pH was d e t e r m i n e d  before 
and after the 19-day test period and did not vary by more 
than 0.1.
Two salinity treatments (0 and 20 ppt ) , cor respond i ng 
to salt c o n c e n t r a t i o n s  in fresh and brackish surface water 
(Odum, 1971), were tested. Salinity was adjusted with 
u n p r o c e s s e d  commercial sea salt.
Infected water samples comprising the six pH/s a l i n i t y  
treatment c o m b i nations were vortexed to evenly distribute  
the inoculum, and 1.5 ml aliquots were t r a n s f e r r e d  to 2.5 
ml glass vials. Vials for each c o m b i n a t i o n  of pH and 
salinity were evenly divided and placed in environmental 
chambers at 17 C and 28 C until tested. These values 
represented the mean winter and summer temperatures for 
marsh habitats in coastal Louisiana (HcNeese and Joanen, 
1974). Infectivity was monitored over a 19 day period 
with 3 to 6 assays per treatment combination. The initial
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assay on day 0 was performed after samples were i ncubated 
for 30 min at the respective temperature.
Effects of pH:
All three AIVs were subjected to seven pH treatments 
in order to determine the r e l a tionship between water pll 
and AIV infectivity, and to determine if diff e r e n c e s  in pH 
response existed between viruses. Infective AAF for each 
virus was d i luted 1:50 in dis t i l l e d  water (with 2 mM HEPES 
buffer) with pH adjusted to 5,8, 6.2, 6.6, 7.0, 7.4, 7.8,
and 8.2 as previously described. Each AIV/pH treatment 
was tested at two levels of salinity (0 and 30 ppt), which 
represent normal values for fresh and ocean water, and at 
two temperature levels (17 C and 28 C). Infectivity for 
each AIV/pH treatment at 28 C and 17 C was assayed on days 
5 and 10, r e s p e c t i v e l y .
Effects of Salinity:
Salinity was evaluated using A/m o t t l e d  d u e k / L A /3 8 M / 8 7 
(H6N2) to determine the r e l a t i o n s h i p  b e t w e e n  water  
salinity and infectivity, and to test for NaCl related 
effects. Paired salinity treatments (0, 5, 10, 15, 20,
25, and 30 ppt) were prepared in distilled water (pH 7.2) 
with u npro c e s s e d  sea salt and biological grade N a C l . 
Salinity treatments were inoculated with infective AAF 
(1:50) and were stored at 28 C. Infectivity for all
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salinity treatments was assayed on day 6.
P e r s i s t e n c e  of A I V  in s u r f a c e  wa t e r :
Surface water samples were col l e c t e d  from typical 
waterfowl habitats in V e r m i l l i o n  and Cameron Parishes,
Lou isiana (Table 5.1). Water samples were stored in 
sealed glass bottles at 4 C until tested. All samples 
were sterilized with a 0.2 uM syringe filter prior to 
testing.
Infective AAF for A/m o t t l e d  d u c k / L A / 3 8 M / 8 7 (H6N2) was
diluted 1:50 in each surf ace w a ter sample and in distilled 
water w h ich served as a control. Infected water samples 
were vortexed and 1.5 ml aliquots were t r ansferred into
2.5 ml glass vials. Vials for each water sample were 
e venly divided, and stored at 17 C arid 28 C in 
environmental chambers. Samples were assayed over a 15-day 
period with 7-12 assays per w a t e r / t e m p e r a t u r e  treatment.
Stat i st ical analys i s :
Data from sequential assays for tests relating to 
p H / t e m p e r a t u r e / s a 1 inity interactive effects, pH effects, 
and surface water trials, were l o g 10 trans formed and 
analyzed through linear regression. Differences in slope 
between linear models were tested using a test for 
h e t e r o g e n e i t y  of slope. All analysis was performed using 
the SAS General Linear Models Procedure (GLM) (S A S , 1987).
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D i fferences in infectivity between salt treatments (sea 
salt versus NaCl) were tested using a paired T-test.
RESULTS
Data on persistence of A/mottled d u c k /L A / 3 8 M / 8 7 (H6N2) 
varied cons i d e r a b l y  according to temperature, salinity and 
pH treatment c o m b i n a t i o n  (Table 5.2). Linear regression 
models for the d a t a  (Table 5.3, Figure 5.1) and all 
parameters in these models were significant (P<0.05). 
Co e f f i c i e n t s  of d e t e r m i n a t i o n  ( Z?2 ) ranged from 0.86 to 
0.99. Estimated duration of persistence for 1x 106T C I D 50
of this virus in modified distilled water samples ranged 
from 9 to 100 days (Table 5.3). P e rsistence was highest 
in the 17 C / 0 p p t / p H 8 .2 water sample and lowest at 
2 8 C / 2 0 p p t / p H 8 .2 treatment. A strong interactive effect 
was evident between salinity and pH at both temperature 
treatments. Persistence of virus was longest at pH 6.2 
with salt (20 ppt) and pH 8.2 without salt.
Comparisons of slope for temperature, salinity and pH 
treatment c o mbination models are given in Table 5.4. 
Differences in slope were detected between pH treatments 
at all temperature and salinity levels. Differences in 
slope attributable to salinity were noted at pll 7.2 and 
8.2 at 28 C and at pH 6.2 and 8.2 at 17 C. Differences 
resulting from temperature were apparent for all salinity 
and pH combinations except 20 ppt. /pH 6.2 and 20 ppt/pH
139
7.2.
Results of pH evaluations for A/m o t t l e d  d u e k / L A / 38 M / 8 7 
(H6N2), A / g r e e n - w i n g e d  t e a l / L A / 169GW/88 (H10N7), and 
A / b l u e - w i n g e d  t e a l / L A / 4 4B / 87 (H4N6) are pre s e n t e d  in
Figures 5,2-5.4, respectively. Although the extent of pH 
effect differed between viruses, a similar response was 
apparent for all AIVs examined.
In all cases, peak viral infectivity in water samples 
devoid of salt was detected at the pH 7.4-7.8 range. 
Although the extent of pH effect varied among viruses, 
infectivity was positively correlated with pH. With salt, 
a negative r e l a t ionship was observed, with infectivity 
decreasing as pH of water increased. These relationships 
were especially evident in the 28 C treatments for 
A/m o t t l e d  d u e k / L A / 3 8 M / 8 7 (H6N2) (Figure 5.2) and 
A / g r e e n - w i n g e d  t e a 1/ L A / 169GW/88 (H10N7) (Figure 5.3) where 
lines for the 0 ppt and 30 ppt salinity levels intersected 
between pH 6.2 and 6.8. Both pH and salinity effects were 
reduced at 17 C .
Results for salinity trials are given in Figure 5.5. 
Linear models were appropriate for both the unprocessed 
sea salt ( y = 4 . 7 5 - 0 , 0 4 3 x , W2 = 0.69) and NaCl (y = 4 . 75- 0 . 0 5 6 x , 
R2 =0.69) treatments. No d i f f e r e n c e s  in these treatment 
were d etected (P=0.2061).
Data and linear regression models for surface water 
trials are given in Tables 5.5 and Figures 5.6 and 5.7.
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All 1 inear m o d e 1s and all parame t e r s  i n these m o d e 1s we re 
significant (P<0.05) with R 1 values ranging from 0.85 to 
0.99. Estimated d u r a t i o n  of infectivity for 1x1O*TCID50 of 
A/mottled duck/L A / 3 8 M / 8 7  (H6N2) in these surface water 
samples ranged from 9 to 55 days. Infectivity of AIV 
d ec r e a s e d  most rapidly in the brackish water sample at 
both temperatures. At 28 C, d i f ferences between slope for 
surface water samples and the distilled water control were 
detected for samples 3 (brackish marsh) (P<0.0001) and 4 
(fresh marsh ) ( P = 0 .0012). Similar results were observed 
with water samples 3 (P<0.0001) and 4 ( P= 0 . 00 3 1 ) at 17 C.
DISCUSSION
Temperature, pH and salinity, at levels representing  
normal surface water, can greatly affect persi s t e n c e  of 
AIV. Estimates of persistence for 1 x 1 0®TC I Dso/ml of 
A/mottled d u e k / L A / 3 8 M / 8 7 (H6N2) derived from log-linear 
models d e m o n s t r a t e  the magnitude of these effects with 
p e rsistence under various treatment conditions ranging 
from 9 to 100 days. The extent of variation among AIVs in 
response to these variables is unknown, but d i f f e r e n c e s  do 
exist among v i r u s e s .
Sh o r t - t e r m  tests of pH t o 1eranee for AIVs have 
i nd icated that these viruses are stable in a neutral to pH
8.5 range and that infectivity decreases rapidly below pH 
6.0 (Lang et al. 1968; G1athe et al., 1982). Below pH
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6.0, however, AIVs exhibit more stability than human 
influenza viruses (Webster et a l ., 1978; Glathe et a l .,
1982). Results from this study support reports of AIV 
stability within the pH 7.2 to 8.2 range with low salt 
concentration. Under saline conditions, infectivity is 
inversely related to salt content, and optimum pH 
tolerance shifts to more acidic conditions. At 30 ppt sea 
salt, infectivity for A/mottled d u e k / L A / 38 M / 8 7 (H6N2)
peaked between pH 6.6 and 7.4 and was lowest at pH 8.2. 
A l t h o u g h  optimum pH levels varied slightly, similar 
results were apparent with A / g r e e n - w i n g e d  t e a 1/ L A / 169GW/88 
(H10N7) and A/ b l u e - w i n g e d  teal/LA/44B/87 (H4N6). With 
both viruses, peak infectivity shifted to a more acidic 
range with lowest infectivity observed at pH 8.2.
The mechan isms by which these variables affect AIV 
persistence, either individually or in c o m b i n a t i o n  are 
unknown. A potential me c h a n i s m  for viral d e a c t i v a t i o n  has 
been described for pH. At low values (<5.0), a 
conformational and antigenic change occurs in the 
hemagg l u t i n i n  (HA) g l y c o p r o t e i n  which permits interaction 
and fusion with the endosomal membrane of host cells (Dorns 
et al., 1985; Webster and K a w a o k a , 1988). For optimal
fusion and subsequent infection, the virion must be bound 
to the target membrane before exposed to low pH values 
(Stegmann et a l ., 1987). Sato et al. (1982) reported that
this conformational change was reversible in the range of
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pH 6.4 to neutral but was irreversible below pH 6.0.
Fusion activity is irreversibly lost when influenza 
viruses are p r e - incubated at 37 C at pH 5.0, but is 
una l t e r e d  at his same pH if p r e - incubated at 0 C (Stegmann 
et a l ., 1987). It was suggested that inactivation
requires a secondary change in protein resulting in a loss 
of hydrophobic properties and conformational alter a t i o n s  
in the viral glycoprotein. These changes may be precluded 
at low temperature, or it is possible that conformational 
changes in the HA only occur at higher temperatures. This 
pH r e l a tionship may e x p lain results observed with 
A /m o t t l e d  d u e k / L A / 3 8 M / 8 7 (H6N2) and A / g r e e n - w i n g e d 
tea 1/ L A / 169GW/88 (H10N7). In both cases, extreme 
reduction in infectivity occurred in the low pH and high 
t e m perature treatment.
The greater toleranee to pH observed in A / b l u e - w i n g e d  
t e a 1/LA/4 4B / 8 7 (H4N6) may be attributable to Btrain
variation. Variations in pH response relative to the 
o p t imu m fusion range have been observed among strains of 
influenza virus, and fusion variants occur wi t h i n  virus 
p o p ula tions (Doms et al., 1986).
There are no reports p e r t aining to the effects or 
action of salt on persistence of AIV. Salinity and 
infectivity at pH 7,2 exh i b i t e d  a negative log-linear 
relationship. Adjustment of salinity in the persistence  
trials was effected with sea salt which normally contains .
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77% NaCl (Odum, 1971). Other principal components of sea 
salt include magnesium, calcium, potassium, sulfate, 
bicarbonate, carbonate and bromide. Results from this 
study indicate that effects attributed to salinity could 
be adequately reproduced with NaCl alone. This will allow 
for more precise control in future experiments. Possible 
effects of other compon e n t s  of wat e r  should not be 
ignored, especi a l l y  when c o n s i d e r i n g  inland saline water 
where salt composition may vary greatly.
Results of persistence trials for A / m ottled 
d u e k / L A / 3 8 M / 8 7 (H6N2) in surface water fell wit h i n  the
ranges of those observed in the distilled water model. 
P e rsistence was lowest in brackish water
(s a 1i n i t y = 1 9 . 9ppt ) at both temperatures. With the three 
fresh water samples, persistence of AIV increased slightly 
with pH. Results for the fresh water samples were similar 
to those observed in the di s t i l l e d  water controls 
indicating that the results are relevant to field 
co rid i tions .
Current environmental consid e r a t i o n s  relating to the 
epizoot i o l o g y  of avian influenza in wild avian 
populations, are limited to the identification of aquatic 
habitats as potential areas for viral transmission.
Results from this study indicate that aquatic habitats 
differ greatly with regard to p e rsistence of AIV. 
Persistence and subsequent, t r a n s mission would be greatest
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in fresh vater habitats with pH values ranging from 7.4 to 
7.8. It is important to note that these conclusions are 
based on the response of viruses derived from duck species 
normally associated with fresh w a ter habitats (Bellrose, 
1980). The extent of variation in environmental tolerance 
among AIVs and the potential for these viruses to adapt to 
specific environmental conditions should be the subject of 
further investigation.
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TABLE 5.1 Water samples collected from Lo u i s i a n a  coastal 
waterfowl habitats for persi s t e n c e  trials on 
A/mottled d u c k / L A / 3 8 M / 8 7 (H6N2).
Sample Locat ion Habitat type pH Salinity
( P P t  )
1 Ka p l a n 11 * Rice field :m00 0. 5
2 Pecan Island*11 Fresh marsh 7 . 7 2 . 2
3 Rockefeller Ref.*21 Braeki sh marsh 7 . 8 19.9
4 Creole *21 Fresh marsh 7 , 4 2 . 4
DSTL . 7 . 1 0 . 0
(l)Verroilion Parish. LA
*2 'Came ron Par i s h , LA
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TABLE 5.2 Persistence of A/m o t t l e d  duck/LA/38M (H6N2) in 
w ater representing 12 temperature/sal inity/pH 
treatment c o m b i n a t i o n s .
T reatments'1' Infectivity (log10) on day
0 3 8 1 3 16 1 9
28C/20ppt/6.2 5 . 38 3 . 60 2 .26 2.17 1 . 69 N <2>
2 8 C / 2 0 p p t / 7 .2 5 . 38 3 . 89 2 . 26 2 . 00 N N
2 8 C / 2 0 p p t / 8 .2 5 . 35 3 . 26 N - - -
2 8 C / 0 p p t / 6 .2 4.21 1.21 N - - -
2 8 C / 0 p p t / 7 .2 5.21 4.21 3.21 3 . 00 2 . 60 2 . 60
2 8 C / 0 p p t / 8 .2 5 . 26 4 . 60 4 .03 3 . 40 3.10 2 . 80
1 7 C / 2 0 p p t / 6 .2 5.10 5.21 5 .01 4 . 40 4 . 03 3 . 60
1 7 C /2Oppt./7 , 2 5.71 4 .85 4 . 60 4.10 3 . 70 3 .40
17 C / 2 0 p p t / 8 .2 5 . 80 4 . 60 3 . 89 3 . 00 2 . 26 2 . 00
17 C / O p p t /6.2 4 . 10 4 . 02 2.21 1.21 N N
1 7C/Oppt./7 , 2 5 . 26 4 .26 4 .40 3 . 90 3 . 60 4.17
17 C / 0 p p t / 8 .2 4 . 93 5.10 4.40 4 . 20 4.17 3 . 88
'1 'Temperature/sa1 ini ty/pH 
,a,None detected
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TAB L E  5.3 Log-linear models for persistence of A/mottled 
d u c k / L A / 3 8 M / 8 7 (H6N2) in water representing  
twelve t e m p e r a t u r e / s a l i n i t y / p H  treatment 
comb inations.
T r e a t m e n t '11 Log-linear model /i2 E s t .p e rsistence
D a y s (Z *
2 8 C / 2 0 p p t / 6 .2 y = 4 . 79-0 . 2 3 x (3) 0.90 26
2 8 C / 2 0 p p t /7.2 y = 5 . 0 6 - 0 . 29x 0.93 21
2 8 C / 2 0 p p t / 8 .2 y = 5 .31-0.67x 0.99 9
28C/0ppt/6.2 y = 3 .62-0.50x 0.86 12
2 8 C / 0 p p t /7.2 y=4.75-0.13x 0.98 46
2 8 C / 0 p p t / 8 .2 y = 5 . 0 9 - 0 . 1 2x 0.99 50
17 C / 2 0 p p t / 6 .2 y= 5 . 3 7 -0.08x 0. 90 72
17 C / 2 0 p p t /7.2 y = 5.4 8-0. 1 1x 0.96 54
17 C / 2 0 p p t / 8 .2 y = 5 .4 8 - 0 . 1 9x 0.98 31
17 C / 0 p p t / 6 .2 y = 4.41-0.2 6x 0. 97 23
17C/0ppt/7.2 y=5.48-0.11x 0.96 54
17C/0ppt/8.2 y = 5 . 0 3 - 0 . 06x 0.90 100
(1 'Temperature/sali n i ty/pH
<2)Estimated d u r a t i o n  of infectivity (days) for 
lxl 0*TCIDso/ml water
'31 y = 1 o g10T C I D so/ml , x = persi b tence in days
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FIGURE 5.1 Log-linear models for persistence of A / m ottled  
d u c k / L A / 3 8 M / 8 7 (H6N2) in water representing
twelve tem p e r a t u r e / s a l i n i t y / p H  treatment 
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TABLE 5.4 He t e r o g e n e i t y  of slope comparisons for 
log-linear models of A/m o t t l e d  d u c k / L A / 3 8 M / 8 7 
(H6N2) persistence in water.
Test variable
pH ( i >
Treatment levels
T em p . - 2 8 C  Salinity^Oppt  
Salinity=20ppt  
Terip.=17C S a 1inity ~Oppt 





Sal ini ty<2> T e m p .= 28C
T e m p .- 17C
pH = 6.2 
pH = 7.2 
pH = 8 . 2 
pH = 6 . 2 
pH = 7 . 2 







Temperatu re( 3’ Sal inity = 0ppt pH = 6.2
pH = 7 . 2 
pH = 8.2
Sal inity = 20ppt pH = 6.2
pH = 7 . 2 
pH = 8 . 2
0.0062 
0.0026 
0 . 0 0 0 1  
0.1300 
0 . 3388 
0.0007
<n 6.2 vs . 7 . 2 v s . 8.2 pH levels
,2) Oppt vs 20ppt sea salt
<3> 28C vs 17C water temperature
1 50
FIGURE 5.2 Effect of pH on infectivity of A/m o t t l e d  




















FIGURE 5.3 Effect of pH on infectivity of A / g r e e n - w i n g e d














5.8 7.46.6 7 4 6.65.8
152














3 0 p p t
3




FIGURE 5.5 Effect of sulinity on infectivity of A / mottled 
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TA BLE 5.5 Log-linear models for persistence of A / mottled  
d u c k / L A / 3 8 M / 8 7 (H6N2) in surface and d i stilled
w a t e r .
T e m p . Sample n o . Log-linear mode 1 E s t .Pe rs i s t .<i>
1 7C 1 y = 5 . 07-0 . 1 1 x (2>
2 y = 5 . 0 9 - 0 . 1 1 x
3 y=5.35-0.40x
4 y = 5 . 1 9 - 0 . 17x











28C 1 y-5.23-0.32x 0.93 19
2 y = 4 .92-0.34x 0.94 18
3 y = 5 .06-0.63x 0.99 9
4 y = 5 . 0 9 - 0 . 38x 0.98 16
DSTL y = 4 .9 6 - 0 . 28x 0.96 21
<l>Esti mated d u r a t i o n  of infectivity (days) for 
1 x 1 0®TCID50/ml water
,2,y = 1 o g 10TC3 D50/ml , x = pers i s tence in days
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FIGURE 5.6 Log-linear models for persistence of A / mottlcd  
duck/LA/38M/87 (H6N2) in surface (1-4) and 
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FIGURE 5.7 Log-linear models for persi s t e n c e  of A / nottled  
d u c k / L A / 3 8 M / 8 7 (H6N2) in surface (1-4) and 










C H A P T E R  6. C O N C L U S I O N S
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Prevalence estimates for avian influenza virus (AIV) 
in ducks wintering in Louisiana coastal m a rshes were low. 
This is consis t e n t  with results reported from 
h unter - k i l l e d  ducks sampled in wintering areas in 
C a l i f o r n i a  (Slemons et a l ., 1974), Arkansas (Webster et
al . , 19 7 6 ), Tennessee {H i nshaw et a l . , 1980), M a r y 1and and
D e 1 aware (R o senberger et al., 1974; Nettles et al., 1980). 
In these studies, overall p r e v alence of AIV was reported 
at. 2% or less. In this survey, 28 AIVs were isolated from 
1389 ducks for an estimated prevalence of 2.O X . Since 
these results are similar despite sampling d i f ferences  
a s s o ciated with year, species composition, and location, 
it appears that 2X represents the normal background  
prevalence in h u n t e r - k i l l e d  ducks on wintering areas in 
North America.
It is not known if preval e n c e  estimates are biased by 
u t i l i z a t i o n  of hunter - k i l l e d  specimens. Slemons and 
Easterday (1975) isolated AIV from 2 of 70 (2.9 X ) 
live-trapped and 22 of 419 (5.2%) h u nter-killed ducks in 
Wisconsin. Since species c o m p o s i t i o n  of these samples 
differed and sampling period and age class variation was 
not considered, these reported d i f f e rences cannot be 
realistically evaluated. If d i fferences do exist, they 
may indicate that these viruses affect the behavior and 
possible welfare of naturally infected wild ducks. This 
aspect of the epizoot i o l o g y  of these viruses requires
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additional attention.
Variations in prevalence w i t h  regard to s e a s o n , 
age-class, and species are apparent but Blight. As 
previously reported by Hinshaw et a l . (1980), AIV
infection decreases with season. From September to 
January, however, overall prevalence varied only from 3.1% 
to 0.3%. Prevalence of AIV in September sampled 
b l ue-winged teal was low during both years (2.1% and 
3.6%), which is not in agreement with survey results for 
this species during August in Canada where prevalence can 
range from 16% to 27% (Boudreault et a l ., 1980; H i n shaw et
al., 1980), This suggests that the seasonal decline in 
prevalence of AIV in ducks occurs rapidly and is 
associated with migration. I f  this is true, early 
migrants may escape exposure to AIV on staging areas in 
Canada and the northern United States, and may serve to 
reinforce the numbers of susceptible birds in the 
population during the overwin t e r i n g  period. Although 
circumstantial, the relatively high prevalence of AIV in 
November sampled blue-winged teal (4.2%) supports this 
hypothesis. As serological surveillance has not been 
applied to waterf owl p o p u 1 at ions, especially in support o f 
virus isolation attempts, no information regarding 
population susceptibility of blue-winged teal or any other 
species of free-flying ducks is available.
Due to the low prevalence of AIV in this population,
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differences between species were difficult to evaluate. 
Results of the test for species related d i f f e r e n c e s  in 
prevalence (P=0.084), although not significant, suggests 
that such differences occur. SpecieH related var i a t i o n  in 
AIV prevalence in ducks has not been a d e q uately assessed. 
With a few exceptions involving mallards and Canada geese 
(Homme and Easterday, 1970; Slemons and Easterday, 1972; 
Bahl and Pomeroy, 1977), response of individual host 
species to AIV infection also has not been tested 
e x p e r i me n t a 1 1 y .
Isolation of AIV from two mottled ducks in Louisiana, 
documents that these viruses are transmitted in the 
coastal wintering areas. Subtype diversity observed in 
this study indicates that all AIV subtypes normally  
associated with waterfowl populations are also present in 
these wintering ducks. These obs e r v a t i o n s  support the 
possibility that AIV is mainta i n e d  throughout the year 
within wild waterfowl populations. It is unknown if AIV 
is present in resident or locally breeding ducks in 
wintering areas prior to the arrival of migratory birds.
Support for a mec h a n i s m  of environmental persi s t e n c e  
is also apparent from this study. Log-linear models for 
five AIVs indicated that at an initial dose of lxlOeT C I D 50, 
infectivity in water can be maintained for over 100 days 
at 28 C and 200 days at 17 C. With infective virus 
present in the environment for these extended periods of
161
time, few passages in ducks would be required to maintain 
these viruses throughout the year. Such long-term 
p e r sis tence also provides an efficient means of 
interspecific tra n s m i s s i o n  that is independent of actual 
contact. This wou l d  serve to lessen potent i al rest r ictive 
effects associated with specific habitat prefer e n c e  and 
localization of individual species.
Results from a single persi s t e n c e  trial at 4 C 
indicate that these viruses may also be m a i n t a i n e d  in cold 
water env i r o n m e n t s  within breeding areas in Canada and the 
northern United States. A l t h o u g h  H i nshaw and W e b s t e r  
(1982) report that AIV was not isolated from lake water in 
Alberta when ducks were absent, details on sampling 
procedure are not reported. Since dilution effects in 
natural water bodies would be extensive, intensive 
sampling may be required for detection.
The affect of chemical and physical c h a r a c t e r i s t i c s  of 
water on p e rsistence of AIV require further study.
Results from this study indicate that water temperature, 
pH and salinity can greatly affect extent of viral 
persistence. These results, however, were derived from 
e 88-propagated AIVs from win t e r i n g  waterfowl. The extent 
of v a r iation within AIVs nat u r a l l y  circu l a t i n g  wi t h i n  
populations of waterfowl and other free-living avian 
species is unknown. Possible affects associ a t e d  with egg 
pr o pagation and environmental a d a p t a t i o n  also are
162
unc1ear.
An understanding of the r e l ationships between AIV 
p e r sistence and water quality w o uld aid in evaluating  
specific areas of risk for interspecific transmission.
This is especially important w i t h  regard to assessing 
potential waterfowl and domestic poultry interactions. 
Differences in environmental tolerance between AIV strains 
may aid in u n derstanding the extent of natural host 
restriction and potential environmental adaptation. This 
information also may explain some of the variation in AIV 
prevalence observed in avian p o pulations with regard to 
location, species, and season.
In conclusion, it must be emphas i z e d  that all of the 
knowledge of AIV in free-living avian species has been 
assembled from approxi m a t e l y  20 years of field and 
experimental data. A l t h o u g h  much information has been 
gained during this time period, the e p i z o o t i o 1ogy of these 
viruses in diverse populations of wild avian species is 
far from understood.
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